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PREFACE 


TO  THE 


SIXTH  EDITION. 


The  following  work,  of  w^liich  a  new 
impression  has  for  some  time  past  been 
demanded  by  the  public,  though  progres- 
sively enlarged  in  bulk,  has  undergone 
little  change  as  to  its  distinguishing  plan 
and  objects.  The  increase  of  matter, 
which,  in  the  present  edition,  is  so  consi- 
derable as  to  render  the  former  title  no 
longer  eligible,  bears  only  a  due  propor- 
tion to  the  progress  of  chemical  philoso- 
phy during  the  two  last  years ;  a  progress 
unexampled  in  the  history  of  the  science, 
not  only  for  the  number  and  novelty  of 
discoveries,  but  for  the  importance  of  the 
generalizations  to  which  they  have  led. 
In  the  FIRST  PART  of  the  book,  I  have 
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still  limited  myself  to  an  assemblage  of 
those  facts,  which  arc  best  adciptecl  to 
convey  a  knowledge  of  the  elements  of 
chemistry,  connected  however  by  a  more 
ample  discussion  of  its  general  doctrines, 
and  especially  by  a  fuller  explanation  of 
the  laws  of  affinity ;  of  the  principles  of 
the  reformed  nomenclature ;  and  of  that 
new  department  of  science,  which  has 
been  created  by  the  genius  and  industry 
of  Mr.  Davy.  A  more  com})lete  and  sys- 
tematic view  of  the  subject,  besides  being 
incompatible  with  the  design  of  an  ele- 
mentary treatise,  appears  to  me  to  be 
rendered  unnecessary  by  several  excellent 
works,  of  which  our  language  may  already 
boast.  The  plan  of  arrangement  (the 
same  which  I  have  followed  from  the  first) 
though  perhaps  not  suited  to  the  maturity 
of  chemical  science,  is  sufiiciently  adapted 
to  its  present  state ;  because  it  admits 
of  being  readily  accommodated  to  newly 
discovered  facts,  or  to  future  modirications 
of  theorv. 

In  the  SECOND  paut,  I  have  detailed 
the  most  simple  and  easy  methods  of  ana- 
lyzing  mineral  waters,  and  mineral  bodies 
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in  general.  With  few  exceptions,  I  have 
had  occasion  to  verify,  by  my  own  experi- 
ence, the  practical  directions  \a  hich  are  . 
given  throughout  the  work;  and  in  those 
instances,  where  I  have  not  described  facts 
or  processes  from  my  own  knowledge,  I 
trust  that  long  established  habits  of  ob- 
serving chemical  phenomena  have  qualified 
me  to  select,  from  diiferent  authorities, 
those  which  are  most  entitled  to  confidence. 

The  APPENDIX  contains  an  account  of 
the  discoveries,  which  have  been  an- 
nouiiced  while  the  Movk  was  passing 
through  the  press ;  and  in  a  Postscript, 
which  will  be  found  at  the  close  of  the 
second  volume,  I  have  been  enabled,  by 
the  obliging  communication  of  Mr.  Davy, 
to  give  an  abstract  of  the  last  paper 
which  he  has  read  before  the  Roval  So- 
cietv.  The  tables,  to  which  I  have 
added  a  few  new  ones,  will  be  found  useful 
both  by  the  speculative  and  practical  che- 
mist. A  ninth  plate  is  ajuiexed  to  this 
edition ;  and  the  series,  I  believe,  now 
coinprehends  every  article  of  apparatus, 
that  is  essential  to  the  pursuit  of  experi- 
mental chemistry.    They  liave  been  en- 
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graved  by  Mr.  Lou  ry  with  his  usual  accu- 
racy and  elegance,  from  sketches*  made 
for  the  purpose  in  the  orthographic  man- 
ner, which  appears  to  nie  to  exliibit  che- 
mical instruments  nmch  better  than  the 
common  mode  of  diawing  in  perspective. 
Being  executed,  also,  to  a  scale,  which  is 
placed  at  the  bottom  of  each  plate,  a 
workman  is  enabled  to  construct  what  is 
represented,  much  more  easily  and  accu- 
rately, than  from  any  verbal  description  or 
perspective  figure. 

*  For  tliese  sketches  I  am  indebted  to  my  iVicnds 
Mr.  Ewart  of  Manchester,  and  Messrs.  Crcighton,  of 
Soho,  near  Birmingham. 
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It  has  SO  long  been  a  custom  to  preface  a 
course  of  lectures  with  the  history  of  the  science 
which  is  their  subject,  that  it  may  be  necessary 
to  state,  briefly,  the  reasons  that  have  induced 
me  to  depart  from  this  established  usage. 

The  history  of  chemistry  may  either  be  merely 
a  history  of  the  science,  that  is,  a  view  of  the 
progressive  development  of  the  facts  and  doc- 
trines of  which  the  science  is  composed;  or 
it  may  comprehend,   also,  tlie  biography  of 

*  The  following  discourse  formed,  original!}'*  the  intro- 
duction to  a  series  of  lectures  delivered  in  Manchester,  and 
was  afterwards  published  under  the  title  of  "  A  General 
View  -of  the  Nature  and  Objects  of  Chemistry,  and  of  it^ 
Application  to  Arts  and  Manufactures."  As  the  readers  of 
an  elementary  book  may  be  presuiried  to  require  a  similar 
plan  of  instruction,  with  the  hearers  of  a  popular  course  of 
lectures,  I  have  thought  it  unnecessary  to  alter  the  form  under 
which  the  essay  first  appeared,  though  a  few  passages  are  ap- 
plicable chiefly  to  the  persons  to  whom  it  was  originally  ad- 
dressed. 
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chemists.  The  detail  of  the  progress  of  discovery, 
however,  concerning  particular  objects  of  che- 
mical research,  would  certainly  be  premature,  at 
a  period,  when  the  student  may  be  supposed  to 
be  ignorant  of  the  external  forms,  and  even  of 
the  existence,  of  no  inconsiderable  part  of  them. 
Respecting  chemists  themselves,  little  can  be 
said  that  can  contribute  to  information  or  amuse- 
ment ;  for  their  lives,  devoted  to  the  abstract 
pursuits  of  science,  have  seldom  been  productive 
6f  events,  that  are  suited  to  awaken  or  gratify 
general  curiosity.    Our  interest,  indeed,  respect- 
ing philosophers,  is  seldom  excited,  unless  by  a 
knowledge  of  the  additions  which  they  have 
made  to  the  facts  or  theories  of  a  science ;  and 
with  these  a  lecturer  may  fairly  presume,  how- 
ever the  fact  may  really  be,  that  his  hearers,  at 
the  commencement  of  a  course,  are  wholly  un- 
acquainted.    On  these  grounds,   therefore,  I 
hope  to  be  excused  for  devoting  to  other  pur- 
poses the  time,  that  would  have  been  allotted  to 
the  history  of  the  science.    For  this,  will  be  sub- 
stituted a  brief  view  of  the  nature  and  cbjects  of 
chemistry ;  of  its  connexion  with  the  arts  and 
with  other  sciences ;  and  an  outline  of  the  plan 
on  which  the  following  lectures  will  be  con- 
ducted. 

Natural  philosophy,  in  its  most  extensive 
sense,  is  a  term  comprehending  every  science, 
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that  has  for  its  objects  the  properties  and  affec- 
tions of  matter.  But  it  has  attained,  by  the 
sanction  of  common  language,  a  more  limited 
signification ;  and  chemistry,  though  strictly  a 
branch  of  natural  philosophy,  is  generally  re- 
garded as  a  distinct  science.  Between  the  two 
it  may,  perhaps,  be  difficult  to  mark  out  pre- 
cisely the  line  of  separation  :  but,  an  obvious 
character  of  the  facts  of  natural  philosophy  is, 
that  they  are  always  attended  with  sensible  mo- 
tion ;  and  the  determination  of  the  laws  of  mo- 
tion is  peculiarly  the  office  of  its  cultivators. 
Chemical  changes,  on  the  other  hand,  of  the 
most  important  kind,  often  take  place  without 
any  apparent  motion,  either  of  the  mass,  or  of  its 
minute  parts;  and  where  the  eye  is  unable  to 
perceive  that  any  change  has  occurred.  The 
laws  of  gravitation,  of  central  forces,  and  all  the 
other  powers  that  fall  under  the  cognizance  of 
the  natural  philosopher,  produce,  at  most,  only  a 
change  of  place  in  the  bodies  that  obey  their  in- 
fluence. But,  in  chemical  changes,  we  may  al- 
ways observe  an  important  difference  in  the  pro- 
perties of  things:  their  appearances  and  qua- 
lities are  completely  altered,  and  their  individu- 
ality destroyed.  Thus,  two  highly  corrosive 
substances,  by  uniting  chemically  together,  may 
become  mild  and  harmless;  the  combination  of 
two  colourless  substances  may  present  us  with  a 
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compound  of  brilliant  complexion ;  and  the 
union  of  two  fluids,  with  a  compact  and  solid 
mass. 

Chemistiy,  therefore,  may  be  defined,  that 
science,  the  object  of  which  is  to  discover  and 
explain  the  changes  of  composition  that  occur 
among  the  integrant  and  constituent  parts  of  dif- 
ferent bodies*. 

From  this  defmition,  it  may  readily  be  con- 
ceived, how  wide  is  the  range  of  chemical  in- 
quiry ;  and,  by  applying  it  to  the  various  events 
that  daily  occur  in  the  order  of  nature,  we  shall 
be  enabled  to  separate  them  with  accuracy,  and 
to  allot,  to  the  sciences  of  natural  philosophy  and 
chemistry,  the  proper  objects  of  the  cultivation  of 
each.  Whenever  a  change  of  place  is  a  neces- 
sary part  of  any  event,  we  shall  call  in  tbe  aid  of 
the  former.  When  this  condition  may  be  dis- 
pensed with,  we  shall  resort  to  chemistry  for  the 
light  of  its  principles.  But  it  will  be  often 
found,  that  the  concurrence  of  the  two  sciences 
is  essential  to  the  full  explanation  of  phenomena. 
The  water  of  the  ocean,  for  example,  is  raised 
into  the  atmosphere  by  its  chemical  combination 
with  the  matter  of  heat ;  but  the  clouds,  that  are 
thus  formed,  maintain  their  elevated  situation  by 

*  The  reader,  who  wishes  to  examine  other  definitions  of 
chemistry,  will  find  a  variety  of  them,  collected  by  Dr.  Black, 
in  the  first  volume  of  his  "  Lectures." 
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virtue  of  a  specific  gravity  inferior  to  that  of  the 
lower  regions  of  the  air, — a  law,  the  discovery 
and  apphcation  of  which  are  due  to  the  natural 
philosopher,  strictly  so  called. 

It  has  not  been  unusual  to  consider  chemistry, 
under  the  twofold  view  of  a  science  and  of  an 
art.     This  arrangement,  however,  appears  to 
have  had  its  origin  in  an  imperfect  discrimina- 
tion between  two  objects,  that  are  essentially 
distinct.     Science  consists  of  assemblages  of 
facts,  associated  together  in  classes,  according  to 
circumstances  of  resemblance  or  analof^v.  The 
business  of  its  cultivators  is,  first,  to  investigate 
and  establish  individual  truths,  either  bv  the 
careful  observation  of  natural  appearances,  or  of 
new  and  artificial  combinations  of  phenomena 
produced  by   the   instruments  of  experiment. 
The  next  step  is  the  induction,  from  well  ascer- 
tained facts,  of  general  principles  or  laws,  more 
or  less  comprehensive  in  their  extent,  and  serv- 
ing, like  the  classes  and  orders  of  natural  his^ 
tory,  the  purposes  of  an  artificial  arrangement. 
Of  such  a  body  of  facts  and  doctrines,  the 
science  of  chemistry  is  composed.    But  the  em- 
ployment of  the  artist  consists  merely  in  pro- 
ducing a  given  effect,  for  the  most  part  by  the 
sole  guidance  of  practice  or  experience.    In  the 
repetition  of  processes,  he  has  only  to  follow  an 
established  rule ;  and,  in  tlie  improvement  of  his 
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art,  he  is  benefited  generally  by  fortuitous  com- 
binations, to  which  he  has  not  been  directed  by 
any  general  axiom.  An  artist,  indeed,  of  en- 
larged and  enlightened  mind,  may  avail  himself 
of  general  principles,  and  may  employ  them  as 
an  useful  instrument  in  perfecting  established 
operations :  but  the  art  and  the  science  are  still 
marked  by  a  distinct  boundary.  In  such  hands, 
they  are  auxiliaries  to  each  other ;  the  one  con- 
tributing a  valuable  accession  of  facts ;  and  the 
other,  in  return,  imparting  fixed  and  comprehen- 
sive principles,  M'hich  simplify  the  processes  of 
art,  and  direct  to  new  and  important  practices. 

The  possession  of  the  general  principles  of 
chemistry  enables  us  to  comprehend  the  mutual 
relation  of  a  great  variety  of  events,  that  form  a 
part  of  the  established  course  of  nature.  It  un- 
folds the  most  sublime  views  of  the  beauty  and 
harmony  of  the  univei^e ;  and  devclopes  a  plan  of 
vast  extent,  and  of  uninterrupted  order,  which 
could  have  been  conceived  only  by  perfect  wis- 
dom, and  executed  by  unbounded  power.  By 
withdrawing  the  mind,  also,  from  pursuits  and 
amusements  that  excite  the  imagination,  its  in- 
vestigations may  tend,  in  common  with  the  rest 
of  the  physical  sciences,  to  the  improvement  of 
our  intellectual  and  moral  habits;  to  strengthen 
the  faculty  of  patient  and  accurate  thinking ; 
and  to  substitute  placid  trains  of  feeling,  for  those 
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which  are  too  apt  to  l)e  awakened  by  the  con- 
tending interests  of  men  in  society,  or  the  imper- 
fect government  of  onr  own  passions. 

The  class  of  natural  events,  that  call  for  the 
explanation  of  chemical  science,  is  of  very  consi- 
derable extent;  and  the  natural  philosopher 
(using  this  term  in  its  common  acceptation)  is 
wholly  incompetent  to  unfold  their  connexion. 
He  may  explain,  for  example,  on  the  principles 
of  his  own  science,  the  annual  and  diurnal  revo- 
lutions of  the  Earth,  and  part  of  the  train  of  con- 
secpiences  depending  on  these  rotations.  But 
here  he  must  stop;  and  the  chemist  must  trace 
the  eifects,  on  the  Earth's  surface,  of  the  caloric 
and  light  derived  from  the  sun;  the  absorption  of 
caloric  by  the  various  bodies  on  which  it  falls ; 
the  consequent  fluidity  of  some,  and  volatiliza- 
tion of  others;  the  production  of  clouds,  and 
their  condensation  in  the  form  of  rain ;  and  the 
effects  of  this  rain,  as  well  as  of  the  sun's  heat, 
on  the  animal,  vegetable,  and  mineral  kingdoms. 
In  these  minuter  changes,  we  shall  find,  there  is 
not  less  excellence  of  contrivance,  than  in  the 
stupendous  movements  of  the  planetary  system. 
And  they  interest  us  even  more  nearly;  because, 
though  not  more  connected  with  our  existence  or 
comfort,  yet  they  are  more  within  our  sphere  of 
obsevs'ation ;  and  an  acquaintance  with  their 
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laws  admits  of  a  more  direct  application  to 
human  affairs. 

There  is  another  branch  of  knowledge  (that  of 
natural  history),  which  is  materially  advanced  by 
the  application  of  chemical  science.  The  classi- 
fications of  the  naturalist  are  derived  from  an  ex- 
amination and  comparison  of  the  external  forms, 
both  of  animate  and  inanimate  bodies.  He  dis- 
tributes the  whole  range  of  nature  into  three 
great  and  comprehensive  kingdoms,  —  the  ani- 
mal, the  vegetable,  and  tiie  mineral.  Each  of 
these,  again,  is  subdivided  into  several  less  exten- 
sive classes ;  and  individual  objects  are  referred 
to  their  place  in  the  system,  by  the  agreement  of 
their  characters,  with  those  assigned  to  the  class, 
order,  and  genus.  In  the  different  departments 
of  natural  history,  these  resemblances  vary  in 
distinctness,  in  facility  of  observation,  and  in  cer- 
tainty of  description.  Thus,  the  number  and 
disposition  of  the  parts  of  fructification  in  vegeta- 
bles afford  marks  of  discrimination,  which  are 
well  defined,  and  easily  ascertained.  But  mine-: 
rals,  that  are  not  possessed  of  a  regularly  crystal- 
lized form,  are  distinguished  by  outward  qualities 
that  scarcely  admit  of  being  accurately  conveyed 
by  language;  such  as  minute  shades  of  colour; 
or  trifling  differences  of  hardness,  transparency, 
&c.    To  the  evidence  of  these  loose  and  varvintr 
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characters,  that  of  the  chemical  composition  of 
minerals  has  within  the  few  past  years  been 
added  j  and  mineralogy  has  been  advanced,  from 
a  coniused  assemblage  of  its  objects,  to  the 
dignity  of  a  well  methodized  and  scientitic  sys- 
tem. In  the  example  of  crystallized  bodies,  the 
correspondence  between  external  form  and  che- 
mical composition,  has  been  most  successfully 
traced  bv  the  creniiis  of  Haiiv;  whose  method  of 
investigation  has  enabled  him,  in  numerous  in- 
stances, to  anticipate,  from  physical  characters, 
the  results  of  the  most  skilful  and  laborious  ana- 
lysis. 

It  is  unnecessary  to  pursue  this  part  of  the 
subject  to  a  greater  extent ;  because,  to  all  who 
have  been  in  the  habit  of  philosophical  investiga- 
tion, the  connexion  between  the  sciences  must  be 
siifliciently  apparent;  and  because  there  is  ano- 
ther ground,  on  which  chemistry  is  more  likely  to 
claim,  with  success,  the  respect  and  attention  of 
the  great  mass  of  mankind.  This  is,  its  capacity 
of  ministering  to  our  wants  and  our  luxuries,  and 
of  instructing  us  to  convert  to  the  ordinary  pur- 
poses of  life,  many  substances  which  nature  pre- 
sents in  a  rude  and  useless  form.  The  extraction 
of  metals  from  their  ores  ;  the  conversion  of  the 
rudest  materials  into  the  beautiful  fabrics  of  glass 
and  porcelain ;  the  production  of  wine,  ardent 
spirit?,  and  vinegar ;  and  the  dyeing  of  linen  and 
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woollen  manufactures, — are  only  a  few  of  the 
arts  that  are  dependent  on  chennistry  for  their 
improvement,  and  even  for  their  successful 
practice. 

It  cannot,  however,  be  denied,  that  all  the  arts 
which  have  heen  mentioned,  were  practised  in 
times  when  the  rank  of  chemistry,  as  a  science, 
was  extremely  degraded ;  and  that  they  are  the 
daily  employment  of  unlettered  and  ignorant 
men.  But  to  what  does  this  confession  amount  ? 
and  how  far  does  it  prove  the  independence  of  the 
above  arts  on  the  science  of  chemistry  ? 

The  skill  of  an  artist  is  compounded  of  know- 
ledge and  of  manual  dexterity.  The  latter,  it  is 
obvious,  no  science  can  teach.  But  the  acquire- 
ment of  experience,  in  other  words,  a  talent  for 
accurate  observation  of  facts,  and  the  habit  of 
arranging  facts  in  the  best  manner,  may  be 
greatly  facilitated  by  the  possession  of  scientific 
principles.  Indeed,  it  is  hardly  possible  for  any 
one  to  frame  rules  for  the  practice  of  a  chemical 
art,  or  to  profit  by  the  rules  of  others,  who  is  un- 
actpiainted  with  the  general  doctrines  of  the 
science.  For,  in  all  rules,  it  is  implied,  that  the 
promised  effect  will  only  take  place,  when  cir- 
cumstances are  precisely  the  same  as  in  the  case 
under  which  the  rule  was  formed.  To  ensure  an 
unerring  uniformity  of  result,  the  substances,  em- 
ployed in  chemical  processes,  must  be  of  uniform 
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composition  and  excellence;  or,  when  it  is  not 
possible  to  obtain  them  thus  unvaried,  tiie  artist 
should  be  able  to  judge  precisely  of  the  defect, 
that  he  may  proportion  his  agents  according  to 
their  qualities.  Were  chemical  knowledge  more 
generally  possessed,  we  should  hear  less  of  failures 
and  disappointments  in  chemical  operations;  and 
the  artist  would  commence  his  proceedings,  not, 
as  at  present,  with  distrust  and  uncertainty,  but 
with  a  well  grounded  expectation  of  success. 

It  will  scarcely  be  contended,  that  any  one 
of  the  arts  has  hitherto  attained  the  extent  of 
its  possible  perfection.  In  all,  there  is  yet  a 
wide  scope  for  improvement,  and  an  extensive 
range  for  ingenuity  and  invention.  Bat  from 
what  class  of  men  are  we  to  expect  useful  dis- 
coveries ?  Are  we  to  trust,  as  hitherto,  to  the 
favour  of  chance  and  accident;  to  the  fortuitous 
success  of  those  who  are  not  guided  in  their 
experiments  by  any  general  principles  ?  Or  shall 
we  not  rather  endeavour  to  inform  the  artist,  and 
to  induce  him  to  substitute,  for  vague  and  random 
conjecture,  the  torch  of  induction  and  of  rational 
analogy  ?  In  the  present  imperfect  state  of  his 
knowledge,  the  artist  is  even  unable  fully  to  avail 
himself  of  those  fortunate  accidents,  by  which 
improvements  sometimes  occur  in  his  processes ; 
because,  to  the  eve  of  common  observation,  he 
iiiay  have  acted  agreeably  to  established  rules. 


12  INTRODUCTION. 

and  have  varied  in  circumstances  which  he  d^n 
neither  perceive  nor  appreciate.  The  man  ot 
science,  in  these  instances,  sees  more  deeply,  and, 
by  avaiUng  himself  of"  a  minute  and  accidental 
difterence,  contributes  at  once  to  the  promotion 
of  his  own  interest,  and  to  the  advancement  of 
his  art. 

But  it  is  the  union  of  theory  with  practice  that 
is  now  recommended.  And,  "  when  theoretical 
knowledge  and  practical  skill  are  happily  com- 
bined in  the  same  person,  the  intellectual  power 
of  man  appears  in  its  full  perfection,  and  fits  him 
equally  to  conduct,  with  a  masterly  hand,  the 
details  of  ordinary  business,  and  to  contend 
successfully  with  the  untried  difficulties  of  new 
and  perplexing  situations.  In  conducting  the 
former,  mere  experience  may  frequently  be  a 
sufficient  guide;  but  experience  and  speculation 
must  be  combined  to  prepare  us  for  the  latter*." 
"  Expert  men,"  says  Lord  Bacon,  "  can  execute 
and  judge  of  particulars  one  by  one;  but  the 
general  counsels,  and  the  plots,  and  the  mar- 
shalling of  affairs,  come  best  from  those  that  are 
learned." 

This  recommendation  to  artists,  of  the  acquire-* 
ment  of  scientific  knowledge,  is  happily  sane- 

»  Stewart's  Elements  of  the  Philosophy  of  (lie  Human 
Mind^  chap.  iv.  sect.  7. 
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tioned  by  the  ilhistrious  success,  in  our  own  days, 
of  the  application  of  theory  to  the  practice  of 
certain  arts.  Few  persons  are  ignorant  of  the 
benefits,  that  have  resulted  to  the  manufactures 
of  this  country,  from  the  inventions  of  Mr.  Watt 
and  Mr.  Wedgwood ;  both  of  whom  have  been 
not  less  benefactors  of  philosophy  than  eminent 
for  practical  skill.  The  former,  by  a  clear  in- 
sight into  the  doctrine  of  latent  heat,  resulting, 
in  a  great  measure,  from  his  own  acuteness  and 
patience  of  investigation,  and  seconded  by  an 
unusual  share  of  mechanical  skill,  has  perhaps 
brought  the  steam-engine  to  its  acme  of  per- 
fection. Mr.  Wedgwood,  aided  by  the  pos- 
session of  extensive  chemical  knowledge,  made 
rapid  advances  in  the  improvement  of  the  art  of 
manufacturing  porcelain ;  and,  besides  raising 
himself  to  great  opulence  and  distinction,  has 
created  for  his  country  a  source  of  most  profitable 
and  extensive  industry.  In  an  art,  also,  which 
is  nearly  connected  with  the  manufactures  of  our 
own  town,  and  the  improvement  of  which  must, 
therefore,  "come  home  to  our  business  and 
bosoms,"  we  owe  unspeakable  obligations  to  two 
speculative  chemists,  —  to  Scheele,  who  first 
discovered  the  oxygenized  muriatic  acid ;  and  to 
Berthollet,  who  first  instructed  us  in  its  applica- 
tion to  the  art  of  bleaching. 

Examples,  however,  may  be  urged  against  in- 
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dulgence  in  theory;  and  instances  are  not  wanting, 
in  which  the  love  of  speculative  refinement  has 
withdrawn  men  entirely  from  the  straight  path  of 
useful  industry,  and  led  them  on  gradually  to  the 
ruin  of  tlieir  fortunes.  But  from  such  instances, 
it  would  be  unfair  to  deduce  a  general  condemna- 
tion of  theoretical  knowledge.  It  would  be  the 
common  error  of  arguing  against  things  that  are 
useful,  from  their  occasional  abuse. — In  truth, 
projects  which  have,  for  their  foundation,  a  de- 
pendence on  chemical  principles,  may  be  under- 
taken with  a  more  rational  confidence,  than  such 
as  have  in  view  the  accomplishment  of  mechani- 
cal purposes-,  because,  in  chemistry,  we  are  better 
able,  than  in  mechanics,  to  predict,  from  an 
experiment  on  a  small  scale,  the  probable  issue 
of  more  extensive  attempts.  No  one,  from  the 
successful  trial  of  a  small  machine  can  affirm,  with 
unerring  certainty,  that  the  same  success  will 
attend  one  on  a  greatly  enlarged  plan ;  because 
the  amount  of  the  resistances,  that  are  opposed  to 
motion,  increases  often  in  a  ratio  greater  than, 
from  theorv,  could  ever  have  been  foreseen  :  but 
the  same  law,  by  which  the  mineral  alkali  is 
extracted  from  a  pound  of  common  salt,  must 
equally  operate  on  a  thousand  times  the  qnantit}'--, 
and,  even  when  we  augment  our  proportions  in 
this  immense  degree,  the  chemical  affinities,  by 
which  so  large  a  mass  is  decomposed,  are  exerted 
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©nly  between  very  small  particles.  The  failures 
of  the  mechanic,  therefore,  arise  from  the  nature 
of  things ;  they  occur,  because  he  has  not  in  his 
power  the  means  of  foreseeing  and  calculating 
the  causes  that  produce  them.  But,  if  the  chemist 
fail  in  perfecting  an  economical  scheme  on  a 
large  scale,  it  is  either  because  he  has  not  suffi- 
ciently ascertained  his  facts  on  a  small  one,  or  has 
rashly  embarked  in  extensive  speculations,  with- 
out having  previously  ensured  the  accuracy  of 
his  estimates. 

The  benefits  which  we  are  entitled  to  expect, 
from  the  etforts  of  the  artist  and  the  man  of 
science,  united  in  one  person,  and  at  the  same 
time  tempered  and  directed  by  prudential  wisdom, 
affect  not  only  individual  but  national  prosperity. 
To  the  support  of  its  distinction,  as  a  commercial 
nation,  this  country  is  to  look  for  the  permanency 
of  its  riches,  its  power,  and,  perhaps,  even  of  its 
liberties ;  and  this  preeminence  is  to  be  main- 
tained, not  only  by  local  advantages,  but  on  the 
more  certain  ground  of  superiority  in  the  pro- 
ductions of  its  arts.  Impressed  with  a  full  con- 
viction of  this  influence  of  the  sciences,  a  neigh- 
bouring and  rival  people  offer  the  most  public  and 
respectful  incitements  to  the  application  of  theory 
in  the  improvement  of  the  chemical  arts;  and, 
with  the  view  of  promoting  this  object,  national 
institutions  have  been  formed  among  them,  which 
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have  been  already,  in  several  instances,  attended 
with  the  most  encouraging  success.  It  may  be 
sufficient,  at  present,  to  mention,  as  an  example, 
that  France,  during  a  long  War,  supplied,  from 
her  own  native  resources,  her  enormous,  and, 
perhaps,  unequalled  consumption  of  nitre. 

The  general  uses  of  chemistry  have  been  thus 
fully  enlarged  upon,  because  it  is  a  conviction  of 
the  utility  of  the  science,  that  can  alone  recom- 
mend it  to  attentive  and  persevering  study.  It 
may  now  be  proper  to  point  out,  in  detail,  a  few 
of  its  more  striking  applications. 

I.  The  art  which  is,  of  all  others,  the  most  in- 
teresting, from  its  subserviency  to  wants  that  are 
interwoven  with  our  nature,  is  AGRICULTURE,  or 
the  art  of  obtaining,  from  the  earth,  the  largest 
crops  of  useful  vegetables  at  the  smallest  expense. 

The  vegetable  kingdom  agrees  with  the  animal 
one,  in  the  possession  of  a  living  principle.  Every 
individual  of  this  kingdom  is  regularly  organized, 
and  requires  for  its  support  an  unceasing  supply 
of  food,  which  is  converted,  as  in  the  animal  body, 
into  substances  of  various  forms  and  qualities. 
Each  plant  has  its  periods  of  growth,  health,  dis- 
ease, decay,  and  death;,  and  is  affected,  in  most  of 
these  particulars,  by  the  varjnng  condition  of 
external  circumstances.  A  perfect  state  of  agri- 
cultural knowledge  would  require,  therefore,  not 
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only  a  minute  acquaintance  with  the  structure 
and  economy  of  vegetables,  but  with  the  nature 
and  etfects  of  the  great  variety  of  external  agents, 
that  contribute  to  their  nutriment,  or  influence 
their  state  of  health  and  vigour.     It  can  hardly 
be  expected,  that  the  former  attainment  will  ever 
be  generally  made  by  practical  farmers;  and  it  is 
in  bringing  the  agriculturist  acquainted  with  the 
precise  composition  of  soils  and  manures,  that 
chemistry  promises  the  most  solid  advantages. 
Indeed,  any  knowledge  that  can  be  acquired  on 
this  subject,  without  the  aid  of  chemistry,  must 
be  vague  and  indistinct,  and  can  neither  enable 
its  possessor  to  produce  an  intended  effect  with 
certainty,  nor  be  communicated  to  others  in  lan- 
guage sufficiently  intelligible.    Thus  we  are  told, 
by  Mr.  Arthur  Young,  that,  in  some  parts  of 
England,  any  loose  clay  is  called  marl,  in  others 
marl  is  called  chalk,  and  in  others  clay  is  called 
loam.    From  so  confused  an  application  of  terms, 
all  general  benefits  of  experience  in  agriculture 
must  be  greatly  limited. 

Chemistry  may,  to  agriculturists,  become  a 
universal  language,  in  which  the  facts,  that  are 
observed  in  this  art,  may  be  so  clothed,  as  to  be 
intelligible  to  all  ages  and  nations.  It  would  be 
desirable,  for  example,  when  a  writer  speaks  of 
clay,  loam,  or  marl,  that  he  should  explain  his 
conception  of  these  terms,  by  stating  the  chemic^ 
VOL.  I.  C 
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composition  of  each  substance  expressed  by  them. 
For,  all  the  variety  of  soils  and  manures,  and  all 
the  diversified  productions  of  the  vegetable  king- 
dom, are  capable  of  being  resolved,  by  chemical 
analysis,  into  a  small  number  of  elementary  in- 
gredients. The  formation  of  a  well  refined  lan- 
guage, expressing  the  proportion  of  these  elements 
in  the  various  soils  and  manures,  now  so  vaguely 
characterized,  would  give  an  accuracy  and  pre- 
cision, hitherto  unknown,  to  the  experience  of 
the  tillers  of  the  earth. 

It  has  been  said,  by  those  who  contend  for 
pure  empiricism  in  the  art  of  agriculture,  that  it 
has  remained  stationary,  notwithstanding  all  im- 
provements in  the  sciences,  for  more  than  two 
thousand  years.  "To  refute  this  assertion,"  says 
Mr.  Kirwan,  "  we  need  only  compare  the  writings 
of  Cato,  Columella,  or  Plinv,  with  manv  modern 
tracts,  or,  still  better,  with  the  modern  practice 
of  our  best  farmers." — "  If  the  exact  connexion 
of  effects  with  their  causes,"  he  adds,  "  has  not 
been  so  fully  and  extensively  traced  in  this  as  in 
other  subjects,  we  must  attribute  it  to  the  pe- 
culiar difficulty  of  the  investigation.  In  other 
subjects,  exposed  to  the  joint  operation  of  many 
causes,  the  eifect  of  each,  singly  and  exclusively 
taken,  may  be  particularly  examined,  and  the 
experimenter  may  work  in  his  laboratory,  with 
the  object  aUvays  in  his  view.    But  the  secret 
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processes  of  vegetation  take  place  in  the  dark, 
exposed  to  the  various  and  indeterminable  in- 
tluences  of  the  atmosphere,  and  require,  at  least, 
lialf  a  year  for  their  completion.  Hence  the 
difficulty  of  determining  on  what  peculiar  cir- 
cumstance success  or  failure  depends ;  for,  the 
diversified  experience  of  many  years  alone  can 
aflbrd  a  rational  foundation  for  solid,  si:)ecific 
conclusions*." 

11.  To  those  who  study  MEDICINE  as  a  branch 
of  general  science,  or  with  the  more  important 
view  of  practical  utility,  chemistry  may  be  re- 
commended with  peculiar  force  and  propriety. — 
The  animal  body  may  be  regarded  as  a  living 
machine,  obeying  the  same  laws  of  motion  as  are 
daily  exemplified  in  the  productions  of  human 
art.  The  arteries  are  long,  flexible,  and  elastic 
canals,  admitting,  in  some  measure,  the  applica- 
tion of  the  doctrine  of  hydraulics;  and  the  muscles 
are  so  many  levers,  of  precisely  the  same  effect 
with  those  which  are  employed  to  gain  power  in 
mechanical  contrivances.  But  there  is  another 
view,  in  which,  with  equal  Justice,  the  living  body 
may  be  contemplated.  It  is  a  laboratory,  in 
which  are  constantly  going  forward  processes  of 
various  kinds,  dependent  on  the  operation  of 

*  See  Kirwan  on  Manures. 
C  2 
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chemical  affinities.  The  conversion  of  the  va- 
rious kinds  of  food  into  blood,  a  fluid  of  com- 
paratively uniform  composition  and  qualities;  the 
production  of  animal  heat  by  the  action  of  the 
air  on  that  fluid,  as  it  passes  through  the  lungs; 
and  the  changes,  which  the  blood  afterwards 
undergoes  in  its  course  through  the  body, — are 
all,  exclusively,  subjects  of  chemical  inquiry. 
To  these,  and  many  other  questions  of  physiology, 
chemistry  has  of  late  years  been  applied  with  the 
most  encouraging  success ;  and  it  is  to  a  long 
corttinued  prosecution  of  the  same  plan,  that  we 
are  to  look  for  a  system  of  physiological  science, 
which  shall  derive  new  vigour  and  lustre  from  the 
passing  series  of  years. 

It  must  be  acknowledged,  however,  as  has 
been  observed  by  Mr.  Davy*,  that  "  the  con- 
nexion of  chemistry  with  physiology  has  given 
rise  to  some  visionary  and  seductive  theories;  yet 
even  this  circumstance  has  been  useful  to  the 
public  mind,  in  exciting  it  by  doubt,  and  in 
leading  it  to  new  investigations.  A  reproach,  to 
a  certain  degree  just,  has  been  thrown  upon  those 
doctrines  known  by  the  name  of  the  chemical 
physiology;  for,  in  the  applications  of  them, 
speculative  philosophers  have  been  guided  rather 
by  the  analogies  of  words  than  of  facts.  Instead 

*  In  his  excellent  "  Discourse,  Introductory  to  a  Course  of 
].«ctures,"  ^c.    London.    Johnson,  1302, 


INTRODUCTION. 


21 


of  endeavouring  slowly  to  lift  np  the  veil,  which 
conceals  the  wonderful  phenomena  of  living 
nature*,  full  of  ardent  imaginations,  they  have 
vainly  and  presumptuously  attempted  to  tear  it 
asunder." 

III.  There  is  an  extensive  class  of  arts,  forming, 
when  viewed  collectively,  a  great  part  of  the 
objects  of  human  industry,  which  do  not,  on  a 
loose  and  hasty  observation,  present  any  general 
principle  of  dependency  or  connexion.  But  they 
appear  thus  disunited,  because  we  have  been 
accustomed  to  attend  only  to  the  productions  of 
these  arts,  which  are,  in  truth,  subservient  to 
widely  different  purposes.  Who  would  conceive, 
for  instance,"  that  iron  and  common  salt ;  the  one 
a  metal,  the  use  of  which  results  from  its  hardness, 
ductility,  and  malleability;  the  other  a  substance, 
chiefly  valuable  from  its  acting  as  a  preservative 
and  seasoner  of  food,  —  are  furnished  by  arts  alike 
dependent  on  the  general  principles  of  chemistry? 
The  application  of  science,  in  discovering  the 
principles  of  these  arts,  constitutes  what  has  been 
termed  ECONOMICAL  CHEMISTRY;  amongst  the 
numerous  objects  of  which,  the  following  stand 
most  distinguished : 

1st.  Metallurgy,  or  the  art  of  extracting  metals 
from  their  ores,  comprehending  that  of  Assayingy 
by  which  we  are  enabled  to  judge,  from  the  com- 
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position  of  a  small  portion,  of  the  propriety  of 
working  large  and  extensive  strata.  To  the 
metallurgist,  also,  belong  the  various  modifications 
of  the  metals  when  obtained,  and  the  union  of 
them  together,  in  difi'erent  proportions,  so  as  to 
afford  compounds  adapted  to  particular  uses. — 
Throughout  the  whole  of  this  art,  much  practical 
knowledge  may  be  suggested  by  attention  to  the 
general  doctrines  of  chemistry.  The  artist  may 
receive  useful  hints  respecting  the  construction  of 
furnaces  for  the  fusion  of  ores  and  metals ;  the 
employment  of  the  proper  fluxes;  the  utility  of 
the  admission  or  exclusion  of  air ;  and  the  con- 
version of  the  refuse  of  his  several  operations  to 
useful  purposes.  When  the  metals  have  been 
separated  from  their  ores,  they  are  to  be  again 
subjected  to  various  chemical  processes.  Cast 
or  pig  iron  is  to  be  changed  into  the  forms  of 
wrought  or  malleable  iron  and  of  steel.  Copper, 
by  combination  with  zinc  or  tin,  affords  the 
various  com  poundsof  brass,  pinchbeck,  bell- metal, 
gun-metal,  &c.  Even  the  art  of  sprinting  owes 
something  of  its  present  unexampled  peifection 
to  the  improvement  of  the  metal  of  types. 

2d.  Chemistry  is  the  foundation  of  those  arts 
that  furnish  us  with  saline  substances,  an  order  of 
bodies  highly  useful  in  the  businesses  of  common 
life.  Among  these,  the  most  conspicuous  are, 
sugar  in  all  its  various  forms ;  the  vegetable  and 
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niiiieral  alkalis,  known  in  commerce  by  the 
names  of  potash,  pearlash,  and  barilla  j  common 
salt;  green  and  blue  vitriol,  and  alum  ;  nitre  or 
saltpetre;  sugar  of  lead;  borax;  and  a  long  cata- 
logue, which  it  is  needless  to  extend  farther. 

3d.  The  manufacturer  of  glass,  and  of  various 
kinds  o^potleri/  and  porcelain,  should  be  thoroughly 
acquainted  with  the  nature  of  the  substances  he 
employs :  with  their  fusibility,  as  affected  by 
difference  of  proportion,  or  by  the  admixture  of 
foreign  ingredients ;  with  the  means  of  regulating 
and  measuring  high  degrees  of  heat ;  with  the 
principles  on  which  depend  the  hardness  of  his 
products,  and  their  fitness  for  bearing  the  vicissi- 
tudes of  heat  and  cold ;  and  with  the  chemical 
properties  of  the  best  adapted  colours  and  glazings. 
— Even  the  humble  art  of  making  bricks  and 
tiles  has  received,  from  the  chemical  knowledge 
of  Bergman,  the  addition  of  several  interesting 
facts. 

4th.  The  preparation  of  various  kinds  of  fer-" 
mented  liquors,  of  wine,  and  ardent  spirits,  is  inti- 
mately connected  with  chemical  principles. 
Malting,  the  first  step  in  the  production  of  some 
of  these  liquors,  consists  in  the  conversion  of  part 
of  the  grain  into  saccharine  matter,  essential  in 
most  instances  to  the  success  of  the  fermentative 
change.  To  acquire  a  precise  acquaintance  with 
the  circumstances,  that  favour  or  retard  the  pro- 
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cess  of  fermentation,  no  small  share  of  chemical 
knowledge  is  required.  The  brewer  should  be 
able  to  ascertain,  and  to  regulate  exactly,  the 
strength  of  his  infusions,  which  will  vary  greatly 
•when  he  has  seemingly  followed  the  same  routine. 
He  should  be  aware  of  the  influence  of  minute 
changes  of  temperature  in  retarding  or  advancing 
fermentation ;  of  the  means  of  promoting  it  by 
proper  ferments ;  and  of  the  influence  of  the  pre- 
sence or  exclusion  of  atmospherical  air.  A 
complete  acquaintance  with  the  chemical  princi- 
ples of  his  art,  can  hardly  fail  to  afford  him  es- 
sential aid  in  its  practice. 

The  production  of  ardent  spirits  is  only  a 
sequel  of  the  vinous  fermentation,  and  is,  there- 
fore, alike  dependent  on  the  doctrines  of  che- 
mistry. 

5th.  The  arts  of  bleaching,  dyeing,  and  printingy 
are,  throughout,  a  tissue  of  chemical  operations. 
It  is  not  unusual  to  hear  the  new  mode  of  bleach- 
ing distinguished  by  the  appellation  of  the  che- 
mical method ;  but  it  is,  in  truth,  not  more  de- 
pendent on  the  principles  of  this  science,  than 
the  one  which  it  has  superseded,  nor  than  the 
kindred  arts  of  dyeing  and  printing.  In  the 
instance  of  bleaching,  the  obligation  due  to  the 
speculative  chemist  is  universally  felt  and  ac- 
knowledged. But  the  dyer  and  the  printer  have 
yet  to  receive  from  the  philosopher  some  splendid 
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invention,  which  shall  command  their  respect, 
and  excite  their  attention  to  chemical  science. 
From  purely  speculative  men,  however,  much 
less  is  to  be  expected,  than  from  men  of"  en- 
lightened experience,  who  endeavour  to  discover 
the  design  and  reason  of  each  step  in  the  processes 
of  their  arts,  and  fit  themselves  for  more  eflectual 
observation  of  particular  facts,  by  diligendy  pos- 
sessing themselves  of  general  truths. 

The  objects  of  inquiry  that  present  themselves 
to  the  dyer  and  printer,  are  of  considerable 
number  and  importance.  The  preparation  of 
goods  for  the  reception  of  colouring  matter;  the 
application  of  the  best  bases,  or  means  of  fixing 
fugitive  colours;  the  improvement  of  colouring 
ingredients  themselves;  and  the  means  of  ren- 
dering them  permanent,  so  that  they  shall  not  be 
affected  by  soap,  or  by  the  accidental  contact  of 
acids  or  other  corrosive  bodies ;  are  among  the 
subjects  of  chemical  investigation.  It  is  the 
business  of  the  dyer,  therefore,  to  become  a 
chemist;  and  he  may  be  assured  that,  even  if  no 
brilliant  discovery  should  be  the  reward  of  the 
acquisition,  he  will  yet  be  better  fitted  by  it  for 
conducting  'ommon  operations,  with  certain  and 
unvaried  success. 

6th.  The  tanning  and  preparation  of  leather  are 
processes  strictly  chemical,  which  were  involved 
in  mystery,  till  they  were  reduced  to  well  esta- 
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Liishcd  principles,  by  the  researches  of  Seguiij, 
and  by  the  subsequent  experiments  of  Davy.  In 
this,  as  in  most  other  examples,  the  application 
of  science  to  the  practical  improvement  of  an  art, 
iias  to  encounter  the  obstacles  of  ignorance  and 
prejudice.  But  the  interests  of  men  are  sure 
finally  to  prevail ;  and  the  most  bigotted  attach- 
ment to  established  forms  must  give  place  to  the 
clearly  demonstrated  utility  of  new  practices. 
Such  a  demonstration  is  generally  furnished  by 
some  artist  of  more  enlightened  Views  than  his 
neighbours,  who  has  the  spirit  to  deviate  from 
ordinary  rules;  and  thus  becomes  (not  unfre- 
quently  with  some  personal  sacrifice)  a  model  for 
the  imitation  of  others,  and  an  important  bene- 
factor of  mankind. 

Many  other  chemical  arts  might  be  enume- 
rated ;  but  enough,  I  trust,  has  been  said,  to 
evince  the  connexion  between  practical  skill  and 
the  possession  of  scientific  knowledge.  I  shall 
now  proceed  to  develope  the  plan,  on  which  the 
following  course  of  instruction  will  be  conducted. 

There  are  two  methods  of  delivering  the  gene- 
ral doctrines  of  chemistry,  and  the  facts  con- 
nected with  them.  The  one  consists  in  a  historical 
detail  of  the  gradual  progress  of  the  science ;  and, 
in  pursuing  this  plan,  we  follow  the  natural  pro- 
gress of  the  human  mind,  ascending  from  parti- 
cular facts  to  the  establishment  of  general  truths. 
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But  a  strong  objection  to  its  adopt  ion  IS,  that  we 
are  thus  led  into  a  minuteness  of  detail,  which  is 
ill  suited  to  the  plan  of  elementary  instruction. 
In  the  other  mode  of  arrangement,  we  neglect 
wholly  the  order  of  time  in  which  facts  were  dis- 
covered,and  class  them  under  general  div  isions  so 
framed  as  to  assist  the  mind  in  apprehending  and 
retaining  the  almost  inhnite  variety  of  particular 
truths. 

In  a  classification  of  the  objects  of  chemistry, 
we  may  either  begin  with  those  substances,  which 
are  deemed  to  be  simple,  and  proceed  gradually 
to  the  more  complicated;  —  or  we  may  take 
bodies,  as  they  are  usually  presented  to  us,  and 
arrange  them  according  to  the  resemblances  of 
their  external  characters ;  making  the  develop- 
ment of  their  composition  a  subordinate  part  of 
the  plan.  To  the  former,  or  synthetic  method, 
there  is  this  strong  objection, — that  as  we  are 
probably  still  very  remote  from  a  knowledge  of 
the  true  elements  of  matter,  it  must  be  liable,  ia 
the  progress  of  «science,  to  frequent  and  funda- 
mental changes.  It  has  been  found  necessarj^ 
for  example,  in  consequence  of  Mr.  Davy's  dis- 
coveries, to  remove  the  earths  from  the  class  of 
simple  to  that  of  compound  bodies.  Besides,  it 
may  be  urged,  where  are  we  to  place  those  sub- 
stances, which  have  hitherto  resisted  all  attempts 
at  their  analysis,  and  yet  have  a  close  resemblance. 
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in  natural  characters,  to  the  bodies  with  which 
they  ai-e  now  associated?  Thus  the  muriatic 
acid  can,  with  no  propriety,  be  removed  from 
the  class  of  acids  to  that  of  simple  bodies.  For 
these  reasons  it  appears  to  me,  that  one  arrange- 
njent  is  preferable  to  another,  on  no  other  ground, 
than  as  it  is  better  adapted  for  communicating  a 
knowledge  of  the  subject;  for  ail  must  be 
equally  remote  from  that  perfection,  which  can- 
not be  attained,  till  the  science  of  chemistry  is 
110  longer  capable  of  improvement. 

The  order,  which  1  have  adopted  as  most 
eligible,  is  to  commence  with  those  facts,  which 
lead  most  directly  to  the  establishment  of  ge- 
neral principles.  Attraction  or  aflSnity,  as  the 
great  cause  of  all  chemical  changes,  and  as  ad- 
mitting of  illustration  by  phenomena  that  are 
sufficiently  familiar,  has  a  primary  claim  to  con-^ 
sideration.  Next  to  that  of  attraction,  the  in- 
fluence of  Heat,  over  the  forms  and  properties  of 
bodies,  is  the  most  generally  observed  fact;  and 
as  heat  is  a  power,  which  is  constantly  opposed 
to  that  of  afTiuity,  there  is  the  more  propriety  in 
contrasting  their  operation.  With  heat.  Light 
also,  as  a  repulsive  agent,  is  frequently  associated ; 
and  electricity  belongs  to  the  same  class  of 
powers.  But  as  the  action  of  electricity  con- 
sists, chiefly,  in  eftecting  the  disunion  of  chemical 
compounds,  I  have  removed  it  from  that  place 
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in  the  system,  which  seems  naturally  to  belong  to  it. 
For  before  we  can  understand  the  general  laws  of 
electro-chemical  agency,  it  is  necessary  to  know 
something  of  oxygen  and  a  few  of  the  inflam- 
mable bodies;  nor  can  the  theory  of  the  ex- 
citation of  galvanic  electricity  be  made  at  all 
intelligible,  without  this  previous  knowledge. 

The  phenomena  of  heat,  and  the  laws  deduceti 
from  them,  conduct  us  naturally  to  the  great 
source  of  that  fluid,  which  will  be  traced  to  a 
class  of  bodies  agreeing,  in  mechanical  properties, 
with  the  air  of  our  atmosphere,  and  called  airs  or 
gases.  These  gases,  we  shall  find,  consist  partly 
of  gravitating  matter,  and  partly  of  an  extremely 
subtile  fluid,  which  impresses  on  our  organs  the 
sensation  of  heat,  and  is  called  cabric*.  When 
the  ponderable  ingredients,  usually  called  the 
bases,  of  these  gases,  combine  together,  or  with 
other  bodies,  caloric  is  given  out  and  new  com- 
pounds are  generated.  It  is  on  the  possession  or 
absence  of  the  property  of  decomposing  one  of 
them,  oxygen  gas,  that  a  comprehensive  division 
has  been  made  of  bodies  into  combustible  and  in- 
combustible. The  latter,  however,  it  appears 
probable,  are  such,  only  in  consequence  of  being 
already  combined  with  oxygen.  Hence  we 
might  divide  all  the  variety  of  substances  into 

*  Light  and  electricity  are  probably,  also,  constitu«nts  of 
the  gases. 
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oxygen  and  inflammable  matter;  and  of  these, 
the  hist  mentioned,  it  appears  not  improbable 
from  Mr.  Davy's  discoveries,  will  turn  out  to  be 
universally  metallic. 

The  next  class  of  bodies,  that  claim  our  at- 
tention, includes  those  compounds,  which  are 
formed  either  by  the  union  of  the  simple  gases 
or  of  their  bases.    Thus  oxygen  and  nitrogen 
gases  compose  atmospheric  air;  and  hydrogen 
and  oxygen  water.    Nitrogen  and  hydrogen,  by 
their  union,  afford  ammonia;  and  with  this  fluid 
the  fixed  alkalis  are  naturally  associated.  The 
detail  of  properties  belonging  to  the  alkalis  and 
earths,  is,  indeed,  a  necessary  preliminary  to 
that  of  the  acids,  the  most  important  quality  of 
which  is»  that  they  constitute,  with  the  alkalis 
and  earths,  the  extensive  class  of  neutral  salts. 
The  consideration  of  the  bases  of  the  alkalis  and 
earths  has  been  made  to  follow  that  of  the  bodies 
themselves,  because  these  bases  are  the  products 
of  refined  and  complicated  operations,  which 
could  scarcely  have  been  otherwise  understood. 
The  fixed  alkalis,  also,  precede  the  volatile  one, 
on  account  of  the  singular  effects  of  potassium 
on  ammonia. 

The  next  class  of  compounds  is,  that  of  acids. 
With  eacli  of  these  I  have  connected  the  history 
of  its  base,  when  known  ;  for  as  several  of  these 
bodies  (sulphur  and  phosphorus  for  instance)  have 
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lost,  ill  consequence  of  Mr.  Davy's  discoveries, 
their  title  to  be  considered  as  elementarv,  it  be- 
comes  merely  a  question  of  convenience  where 
they  should  be  placed.  In  treating  of  the  acids, 
their  relation  will  be  traced  to  those  bodies  only 
which  have  already  been  described  ;  for  it  would 
be  unreasonable  to  detail  their  action  on  metals, 
till  that  chiss  of  substances  has  been  specifically 
discussed. 

Havins:  dismissed  ihe  consideration  of  such  ele- 
inentary  bodies  as  are  distinguished  by  aflbrding 
acids  when  combined  with  oxygen,  of  the  proper- 
ties of  acids  thus  generated,  and  of  the  com- 
pounds alforded  by  the  union  of  acids  witli 
alkalis;  an  important  division  of  elementary 
substances  will  next  clain)  our  attention,  viz.  the 
metals. 

This  class  of  bodies,  it  is  usual  to  introduce 
at  a  much  earlier  period :  but  I  have  adopted  a, 
different  order,  from  the  consideration,  that, 
with  the  previous  knowledge  ot  the  constitution 
and  qualities  of  acids,  the  history  of  the  metals 
may  be  made  mucii  more  com[)lete;  and,  espe- 
cially, that  all  the  various  modes  and  phenomena 
of  their  combinations  with  oxygen  may  be  more 
distinctly  explained.  The  more  complex  pro- 
ductions of  the  vegetable  and  ariimal  kingdoms 
will  be  the  last  step  in  our  progress  through  the 
science. 
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For  the  exclusive  adoption  of  the  new  doctrine* 
of  chemistrv^,  and  of  the  nomenclature  connected 
with  them,  no  apology  is  necessary.  Every  one, 
who  will  be  at  the  p^iins  of  attentively  comparing 
the  new  with  tlie  old  theory,  I  can  venture  to 
predict,  will  prefer  the  lucid  arrangements  and 
precision  of  the  former,  to  the  confused  order 
and  illogical  inferences  of  the  advocates  of  phlo- 
giston. From  those  who  have  been  in  the  habit 
©f  teaching  chemistry,  both  before  and  since  the 
revolution  in  this  science,  we  have  the  strongest 
testimony,  that  the  labour  of  acquiring  a  know- 
ledge of  it  is  diminished  beyond  all  comparison. — 
*'  I  have  adopted  the  new  nomenclature,"  says 
Mr,  Chaptal,  **  in  my  lectures  and  writings,  and 
I  have  not  failed  to  perceive  how  very  advan- 
tageous it  is  to  the  teacher ;  how  much  it  relieves 
the  memory  \  how  greatly  it  tends  to  produce  a 
taste  for  chemistry  j  and  with  what  facility  and 
precision  the  ideas  and  principles  concerning  the 
nature  of  bodies  fix  themselves  in  the  minds  of 
the  auditors."  We  have  the  approbation,  also> 
of  the  most  distinguished  metaphysicians  of  the 
age,  of  the  connexion  of  new  doctrines  with  a 
new  and  more  accurate  language.  "  The  new 
nomenclature  of  chemistry,"  it  is  observed  by 
Mr.  Dugald  Stewart,  in  his  Elements  of  the  Phi- 
losophy of  the  Human  Mind,  "  seems  to  furnish 
a  striking  illustration  of  the  etTect  of  appropriate 
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and  well-defined  expressions,  in  aiding  the  in- 
tellectual powers  J  and  the  period  is  probably  not 
far  distant,  when  similar  innovations  will  be  at- 
tempted in  other  sciences*." 

These  doctrines,  and  the  nomenclature  de- 
pendent on  them,  have  not,  it  must  be  acknow- 
ledged, been  long  established  j  and  though  the 
progress  of  chemistry,  during  and  since  their 
developmentj  has  advanced  with  unexampled 
rapidity,  we  should  still  so  limit  our  approbation, 
as  not  to  esteem  them  beyond  the  reach  of  im- 
provement.—  For  my  own  part,  I  adopt  theraj 
not  from  a  belief  that  they  are  perfect ;  but  be- 
cause they  are  better  adapted  than  any  hitherto 
otlered,  for  explaining  and  classing  phenpmenaj 
and  with  this  qualification,  I  strongly  recommend 
them  to  general  aeceptance. 

*  See  also  Condorcet's  "  Esquisse  d'txn  Tableau  Historique 
des  Progres  de  I' Esprit  Humain." 
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AN  ARRANGED  SERIES  OP  EXPERIMENTS 
ANO  PROCESSES  TO  BE  PERFORMED  BY  THE  STU- 
DENT OF  CHEMISTRY. 


CHAPTER  i. 

OP  A  CHEMICAL  LABORATORY  AND  APPARATUS. 

A.  CHEMICAL  laboratory,  though  extremely  useful,  and 
even  essential,  to  all  who  embark  extensively  in  the  prac- 
tice of  chemistry,  either  as  an  art,  or  as  a  branch  of  liberal 
knowledge,  is  by  no  means  required  for  the  performance 
of  those  simple  experiments,  which  furnish  the  evidence  of 
the  fimdamental  truths  of  the  science.  A  room  that  is 
well  lighted,  easily  ventilated,  and  destitute  of  any  valua- 
ble furniture,  is  all  that  is  absolutely  necessary  for  the 
pui-pose.  It  is  e\"en  advisable,  that  the  construction  of  a 
regular  laboratoiy  should  be  deferred,  till  the  student  has 
made  some  progress  in  the  science ;  for  he  will  then  b« 
better  qualified  to  accommodate  its  plan  to  his  own  pecu- 
liar views  and  convenience. 
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It  is  scarcely  jwssible  to  offer  the  plan  of  a  laboratory^ 
which  will  be  suitable  to  every  person,  and  to  all  situa- 
tions J  or  to  suggest  any  thing  more  than  a  few  rules  that 
should  be  generally  observed.  Different  apartments  are 
required  for  the  various  classes  of  chemical  operations. 
The  principal  one  may  be  on  the  ground-floor ;  twenty- 
five  feet  long,  fourteen  or  sixteen  wide,  and  open  to  the 
roof,  in  which  there  should  be  contrivances  for  allowing 
the  occasional  escape  of  suffocating  vapours.  Tliis  will  be 
de&iined  chiefly  for  containing  furnaces,  both  fixed  and 
portable.  It  should  be  amply  furnished  with  shelves  and 
,  drawers,  and 'with  a  large  table  in  the  centre,  the  best 
form  of  which  is  that  of  a  douhle  cross.  Another  apart- 
ment may  be  appropriated  to  the  minuter  operations  of 
chemistiy ;  such  as  those  of  precipitation  on  a  small 
scale,  the  processes  that  require  merely  the  heat  of  a  lamp, 
and  experiments  on  the  gases.  In  a  third,  of  smaller 
size,  may  be  deposited  accurate  balances,  and  other  instru- 
ments of  considerable  nicety,  which  would  be  injured  by 
the  acid  fumes  that  are  constantly  spread  tlii'ough  a  labo- 
ratory. 

The  following  are  the  principal  instmments  that  ai*e 
required  in  chemical  investigations ;  but  it  is  impossible, 
without  entering  into  very  tedious  details,  to  enumerate 
all  tlie  apparatus  that  should  be  in  the  possession  of  a- 
practical  chemist. 

I.  Furnaces.  These  may  be  formed  either  of  solid 
brick-work,  or  of  such  materials  as  admit  of  their  removal: 
from  place  to  place. 

Tlie  directions  generally  laid  down  in  elementary  books 
of  chemistry,  for  the  construction  of  fixed  furnaces, 
appear  to  me  deficient  in  precision,  and  sucli  as  a  work- 
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man  would  find  it  difficult  to  put  in  practice.  I  have, 
therefore,  -given  plans  and  sections,  in  tlie  last  two  plates, 
of  the  various  kinds  of  furnaces :  and,  i)i  the  Appendix, 
minute  instructions  will  be  found  for  erecting  them  *. 

The  fm  naces  of  most  general  utility  are,  1st,  the  fVind 
Furnace,  in  which  an  intense  heat  is  capable  of  being 
excited  for  the  fusion  of  metals,  &c.  In  this  furnace,  the 
body  submitted  to  the  action  of  heat,  or  the  vessel  contain- 
ing it,  is  placed  in  contact  with  the  burning  fuel.  Fig.  60 
exhibits  one  of  the  most  common  construction.  Fig.  61 
is  the  section  of  a  wind  furnace ;  the  plan  of  which  was 
obligingly  communicated  to  me  by  Mr.  Knight,  of  Foster- 
lane,  London,  to  whom,  also,  I  am  indebted  for  tljat  repre- 
sented, fig.  62.  The  wind  furnace  of  Mr.  Chenevix  is 
shown  by  fig.  74.  2dly,  ITie  Bvaporating  Furnace  is 
formed  of  iron  plates,  joined  together  by  raljbiting,  and 
placed  over  hoiizontal  returning  flues.  Figs.  64  and  65, 
are  two  views  of  this  furnace,  as  recommended  by  Mr, 
Knight.  Wlien  evaporation  is  performed  by  the  naked 
fire,  the  vessel  may  be  placed  on  the  top  of  the  furnace, 
fig.  60  or  61 ;  and  when  effected  through  the  intervention 
of  a  water  bath,  a  shallow  kettle  of  water,  in  which  is 
placed  the  evaporating  dish  and  its  contents,  may  be  set 
in  the  same  situation.  For  the  purpcjses  of  evaporating 
liquids,  and  dry  ing  precipitates  on  a  small  scale,  at  a  tem- 
perature not  exceeding  212°  Fah*,  a  convenient  apparatus 
is  represented  in  plate  10th  to  the  6th  vol.  of  Nicholson's 
Journal,  8vo.  3dly,  The  Reverheratory  Furnace  is  re- 
presented by  figs.  66,  67,  68.  4thly,  The  Furnace  for 
Distilling  hy  a  Sand  Heat,  is  constructed,  by  setting 


*  See  the  Description  of  the  7th  and  8lh  plates  in  the 
Appendix. 
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upon  the  top  of  the  brick-work,  fig.  60,  the  iron  pot, 
fig.  71 ;  a  door  being  made  in  the  side  of  the  furnace  for 
introducing  fuel.  Distillation  by  the  naked  fire,  is  per- 
formed with  the  wind  furnace,  figs.  62,  63.  5thly,  Tlie 
Cupelling,  or  Enamelling  Furnace,  is  shown  by  figs. 
69,  70. 

Portable  furnace?,  however,  are  amply  sufficient  for  all 
the  pui-poses  of  the  chemical  student,  at  the  outset  of  his 
pursuit.  The  one  which  I  prefer,  is  that  shown  by  figs. 
.58  and  59.  It  was  originally  contrived,  I  believe,  by 
Mr.  Schmeisser  * ;  and  is  made,  with  considerable  improve- 
ments, and  sold  by  Mr.  Knight.  Its  size  is  so  small,  that 
it  may  be  set  on  a  table,  and  the  smoke  may  be  conveyed 
by  an  iron  pipe,  into  the  chimney  of  the  apartment.  In 
the  furnace,  as  it  is  usually  sold,  the  chimney,  adapted  for 
distillation  with  a  sand  heat,  passes  directly  through  the 
sand-bath,  the  form  of  which  is  necessarily  altered,  from 
the  common  to  a  very  inconvenient  one.  I  have  found 
it  a  great  improvement  to  make  the  aperture  for  the 
chimnev  at  k.  This  allows  us  to  have  a  sand-bath  of  the 
usual  shape,  as  shown  by  fig.  59 ;  or  even  to  place  evapo- 
rating dishes,  or  a  small  boiler,  on  the  top  of  the  fiirnace. 
The  aperture  may  be  closed  by  a  stopper,  when  we  dis- 
pose the  furnace  as  shown  by  fig.  58.  Dr.  Black's  furnace 
is  generally  made  of  a  larger  size ;  and  is  adapted  to 
operations  on  a  more  considerable  scale.  (See  figs.  72  and 
73.)  Both  these  furnaces  are  constructed  of  thin  iron 
plates,  and  are  lined  with  fire-clay,  lliey  will  be  mi- 
nutely described  in  the  referencci?  to  the  plates. 

For  the  purpose  of  exciting  a  sudden  heat,  and  of 
raising  it  to  great  intensity,  nothing  can  be  better  adapted 

^  — — — —  ■  —  —  .  ~ 

*  See  his' Mineralogy,  Tab.  iii.  and  iv. 
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thati  a  very  simple,  cheap,  and  ingenious  furnace,  con- 
trived by  Mr.  Cliarles  Aikin,  fiir.  S.").  It  is  formed  out  of 
pieces  of  black-lead  nieltint;  pots,  in  a  maimer  to  be  af- 
terwards dt^eribed;  and  is  supplied  with  air  by  a  pair  of 
double  ])elknvs,  d.  By  a  slight  alteration,  this  furnace 
may  occasionally  be  employed  for  the  operation  of  cupel- 
ling.   (8ee  fig.  57.) 

II.    For  containing  the  materials,  which  are  to  lje  sub- 
mitted to  the  action  of  heat  in  a  wind  furnace,  vessels 
called  crucibt.es  are  emplojed.    They  are  most  com- 
monly made  of  a  mixture  of  fire-clay  and  sand,  occasion- 
ally with  the  addition  of  plumbago,  or  black  lead.  The 
Hessian  cnicibles  are  best  adapted  for  supporting  an  in 
tense  ■  heat  without  melting ;  but  they  are  liable  to  crack 
when  suddenly  heated  or  cooled.    The  porcelain  ones, 
made  by  Messrs.  Wedgwood,  are  of  mucli  purer  materials, 
but  are  still  more  apt  to  crack  on  sudden  changes  of  tem- 
perature ;   and,  when  used,  they  should,  therefore,  be 
placed  in  a  common  crucible  of  larger  size,  tlie  interval 
being  filled  with  sand.    The  black-lead  crucibles  resist 
very  sudden  changes  of  temperature,  and  may  be  repeat- 
edly used ;  but  they  are  destroyed  when  some  saline  sub- 
stances (such  as  nitre)  are  melted  in  them,  and  are  con- 
sumed by  a  current  of  air.    For  certain  purposes,  crucibles 
are  formed  of  pure  silver,  or  platina.    Their  form  varies 
considerably,  as   will  appear  from  inspecting  plate  vi. 
figs.  49,  50,  51,  and  54.    It  is  necessary,  in  all  cases,  to 
raise  them  from  the  bars  of  the  grate,  by  a  stand,  fig.  53, 
a  or  h.    For  the  pui"pose  of  submitting  substances  to  the 
continued  action  of  a  red  heat,  and  with  a  considerable 
surface  exposed  to  the  air,  the  hollow  arched  vessel,  with  a 
flat  bottom,  fig.  52,  termed  a  inujfle,  is  commonly  used. 
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In  fig.  69,  df  e,  the  muffle  is  shpwn,  placed  in  a  furnace 
for  use. 

III.  Evaporating  vessels  should  always  be  of  a  flat 
shape,  so  as  to  expose  them  extensively  to  the  action  of 
heat.  (See  a  section  of  one,  fig.  12.)  Tlicy  are  formed  of 
glass,  of  earthen  ware,  and  of  various  jnetals.  Those  of 
glass  are  with  difficulty  made  sufficiently  thin,  and  are 
often  broken  by  changes  of  temperature ;  but  they  have  a 
great  advantage  in  the  smootluiess  of  their  surface,  and  in 
resisting  the  action  of  most  acid  and  corrosive  substances. 
Evaporating  vessels  of  porcelain,  or  Wedgwood's  ware,  are 
next  in  utility,  are  less  costly,  and  less  lialile  to  be  cracked. 
They  are  made  both  of  glazed  and  unglazed  ware.  For 
ordinary  purposes  the  former  are  to  be  preferred ;  but  the 
unglazed  should  be  employed  when  great  accuracy  is 
required,  since  the  glazing  is  acted  on  by  several  chemical 
substances.  Evaporating  vessels  of  glass,  ov  porcelain,  are 
generally  bedded,  up  to  their  edge,  in  sand  (see  fig.  65); 
but  those  of  various  metals  are  placed  immediately  over 
the  naked  fh-e.  When  the  glass  or  porcelain  vessel  is 
very  thin,  and  of  small  size,  it  may  be  safely  placed  on  the 
ring  of  the  brasr  stand,  plate  i,  fig.  18,  and  the  flrmie  of  an 
Argand's  lamp,  cautiously  regulated,  may  be  applied  be- 
neath it.  A  lamp  tiuis  supported,  so  as  to  be  raised  or 
lowered,  at  pleasure,  on  an  ujMight  pillar,  to  which  rings, 
of  various  diameters,  are  adapted,  will  be  found  extremely 
useful ;  and,  when  a  strong  heat  is  required,  it  is  advisable 
to  employ  a  lamp,  proyided  witii  double  concentric  wicks. 

IV.  In  the  process  of  evaporation,  the  vapour  for  the 
most  part  is  allowed  to  escape ;  but  of  certain  chemical 
processes,  the  collection  of  the  volatile  portion  is  the  prin- 
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*;ipal  object.  Tliis  process  is  termed,  distillation.  It 
is  peiformed  in  vessels  of  various  forms  and  materials. 
The  common  still  is  so  generally  known,  tliat  a  reprcsenta-  - 
tion  of  it  in  the  plates  was  deemed  unnecessary.  (See 
Aikin's  Chem.  Diet.  pi.  ii.  fig,  31.)  It  consists  of  a  vessel, 
generally  of  copper,  shaped  like  a  tea-kettle,  but  without 
its  spout  and  handle.  Into  the  opening  of  this  vessel, 
instead  of  a  common  lid,  a  hollow  moveable  head  is  affixed, 
which  ends  in  a  narrow,  open  pipe.  Tliis  pipe  is  received 
into  another  tube  of  lead,  which  is  twisted  spirally,  and 
fixed  in  a  wooden  tub,  so  tliat  it  may  be  surrounded  by 
<;old  water.  (Fig.  40,  eld.)  When  the  apparatus  is  to  be 
used,  the  liquid  intended  to  be  distilled  is  [ioured  into  the 
body  of  tire  still,  and  the  head  is  fixed  In  its  place,  tlie 
pipe,  which  terminates  it,  being  received  into  the  leaden 
worm.  Tlie  liquid  is  raised  into  vapour,  which  passes  into 
the  worm,  is  tliere  condensed  by  the  sunoiuKling  cold 
water,  and  flows  out  at  the  lower  extremity. 

The  common  still,  however,  can  only  be  employed  for 
volatilizing  substances  that  do  not  act  on  copper,  or  otlier 
jnetals,  and  is,  therefore,  limited  to  very  few  operations. 
'J'he  vessel,  fig.  2,  is  of  glass,  or  earthen  ware,  and  Is  ai^o 
intended  for  distillation.  It  is  ttirmed  an  alc7ublc,  and 
consists  of  two  parts  ;  the  body  a  for  containing  the  ma- 
terials, and  the  head  b  by  which  the  vapour  is  condensed; 
the  pipe  c  conveying  it  to  a  receiver.  Vessels,  termed 
retorts,  however,  are  more  generally  used.  Fig.  1,  a 
sltows  die  common  form,  and  fig.  13,  a  represents  a 
stoppered,  or  tubulated  retort.  Retorts  are  made  of  gla5s, 
l>f  earthen  ware,  or  of  metal.  When  a  liquid  Ls  to  be 
added  at  distant  intervals  during  the  process,  the  best  con- 
trivance is  that  shown  fig.  26,  consisting  of  a  bent  tube, 
yvkh  ii  funnel  at  the  upper  end.    When  the  whole  is  Intro- 
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(luced  at  first,  it  is  done  eitlicr  throu^'li  the  tubulure,  or,  if 
into  a  ])lain  retort,  tliroiij?!!  the  funnel,  fig.  10. 

To  tlie  retort,  a  receiver  h  a  neccsvarj'  appei^dage  ;  and 
this  may  either  be  plain,  fig.  1,  /,•,  or  tubidated,  as  sliown 
hy  tlie  dotted  lines  at  c.  To  some  receivers  a  pi])e  is  added 
(fig.  //),  wliieh  may  enter  partly  into  a  bottle  beneath. 
This  vessel,  which  is  principally  useful  for  enabling  us  to 
remove  the  distilled  liquid,  at  dliferent  periods  of  the  pro- 
cess, is  termed  a  (juillcd  receiver.  For  some  purposes,  it 
is  expedient  to  have  the  quilled  part  accurately  gi-ound  to 
the  neck  of  the  bottle,  r,  M'hich  should  then  l>e  furnished 
\yith  a  titbulure,  o)-  second  neck,  having  a  ground  stopj)cr, 
and  should  be  provided,  also,  with  a  bent  tube,  to  be  occa- 
sionally applied,  for  conveying  aAvay  any  gases  that  may 
be  produced.  The  condensation  of  the  vapour  is  much 
facilitated,  by  lengthening  the  neck  of  the  retort  with  an 
adopter  (fig.  11),  the  wider  end  of  whieh  slips  over  the 
retort  neck,  wliile  its  narrow  extremity  is  admitted  into 
the  mouth  of  the  receiver.    (See  fig.  63.) 

Heat  may  be  applied  to  the  retort  in  several  modes.' 
When  the  vessel  is  of  earthen  ware,  and  when  the  distilled 
sid")stance  requires  a  strong  heat  to  raise  it  into  vapour,  the 
naked  fire  is  appfied,  as  shown  fig.  63.  Glass  retorts  are 
generally  placed  in  heated  sand  (fig.  59) ;  and,  when  of  a 
small  size,  the  flame  of  an  Argand's  lamp,  cautiously  re- 
gulated, may  be  conveniently  used  (fig.  13). 

In  several  instances,  the  substance  raised  by  distillation 
is  partly  a  condensable  liquid,  and  partly  a  gas,  which  is 
not  condenscfl  till  it  is  brought  into  contact  with  water. 
To  effect  this  double  purpose,  a  series  of  receivers,  termed 
fVonJfc'a  Apjmratus,  is  employed.  The  first  receiver  (Z>, 
fig.  30)  has  a  right-angled  glass  tube,  open  at  both  ends, 
fixed  into  its  tubulure;  and  the  other  extremity  of  thu 
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tube  is  made  to  terminate  beneath  the  suifuce  of  .distilled 
water,  contained,  as  high  as  the  horizonal  dotted  Hue,  in 
the  three-necked  bottle  c.  From  another  neck  of  this 
bottle,  a  second  pipe  proceeds,  which  ends,  like  the  first, 
under  water,  contained  in  a  second  bottli'  <L  To  the 
central  neck  a  straight  tu))e,  open  at  both  ends,  is  fixed,  so 
tliat  its  lower  end  may  be  a  little  beneatli  the  surface  of 
the  liquid.  Of  these  bottles  any  number  may  be  employed 
that  is  thought  necesi;ary. 

The  materials  being  introduced  into  the  retort,  the  ar- 
rangement completed,  and  the  joints  secured  In  the  man- 
ner to  be  presently  described,  the  distillation  is  begun. 
The  condensable  vapour  collects  in  a  liquid  form  in  tiie 
balloon  b,  while  the  evolved  gas  passes  through  the  bent 
pipe,  beneath  the  surface  of  the  water  in  r,  w  '.ich  conti- 
nues to  absorb  it  till  siiturated.  When  the  water  of  tl)e 
first  bottle  can  absorb  no  more,  the  gas  passes,  uncoii- 
densed,  through  the  second  right-angled  tube,  into  the 
water  of  the  second  bottle,  w  hi^-h,  in  its  turn,  becomes  sa- 
turated. Any  gas  that  may  be  produced,  which  is  not  ab- 
sorbable by  water,  escapes  through  the  bent  tube  c,  and 
may  be  collected,  if  necessary. 

Supposing  the  lx)ttles  to  be  destitute  of  the  middle 
necks,  and,  consequently,  without  the  perpendicular  tt dies, 
the  process  would  be  liable  to  be  interrupted  by  an  acci- 
dent :  for  if,  in  consequence  of  a  diminished  tenipcrature, 
an  absorption  or  condensation  of  gas  should  take  place,  in 
the  retort  a,  and,  of  course,  in  the  balloon  Z>,  it  must  ne- 
cessarily ensue  tliat  the  water  of  the  bottles  r  and  d  would 
be  forced,  by  the  pressure  of  the  atmosphere,  into  the 
balloon,  and  possibly  into  the  retort :  but,  with  tlie  addi- 
tion of  the  central  tubes,  a  sufhcient  quantity  of  air 
iSTU'-hes  through  thou  to  supjdy  any  accidental  vaciiun^. 
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This  inconvenience,  however,  is  still  more  conveniently 
obviated  by  Welthcr's  tube  of  safety  (fig.  31./>),  which 
supersedes  the  expediency  of  three-necked  bottles.  The 
ajipuratus  being  adjusted,  as  sliown  by  the  figure,  a  small 
quantity  of  water  is  poured  into  the  funnel,  so  as  .to  about 
half  fill  the  ball  h.  When  any  absorption  happens,  the 
fluid  rises  in  the  ball,  till  none  remains  in  the  tube,  when 
a  quantity  of  air  immediately  rushes  in.  On  the  other 
hand,  no  gas  can  escape,  because  any  pressure  from  within 
is  instantly  followed  by  the  formation  of  a  high  column  of 
liquid  in  the  perpendicular  part,  which  resists  the  egress 
of  gas.  This  ingenious  invention  I  can  recommend,  from 
ample  experience  of  its  utility. 

Ver}^  useful  alterations  in  the  construction  of  Woulfe's 
apparatus  have  been  contri-ved  also  by  Mr.  Pepys  and  Mr. 
Knight.  That  of  the  former  is  shown  (fig.  32),  where  the 
balloon  h  is  surnjoxmted  by  a  vessel  accurately  ground  to  it, 
and  furnished  with  a  glass  valve,  resembling  that  affixed 
10  Nooth's  apparatus.  This  valve  allows  gas  to  pass  freely 
into  the  vessel  c,  but  prevents  the  water  which  it  contains 
from  falling  into  the  balloon.  Mr.  Knight's  improvement 
is  described,  and  rei)rescnted  in  a  plate,  in  the  Philoso- 
phical Magazine,  vol.  xx*. 

When  a  volatile  substance  is  submitted  to  distillation,  it 
is  necessary  to  prevent  the  escape  of  tlie  vapour  tlirough 


*  Anoth(T  modification  of  this  apparatus,  by  Mr.  Murray, 
is  representfed  in  Nich.  Journ.  8vo.  vol.  iii.  or  in  Murray's 
System  of  Chemislry,  vol,  i.  plate  v.  fig.  40,  Fig.  41  of  the 
same  plate  exhibits  a  cheap  and  simple  form  of  this  apparatus, 
contrived  by  the  late  Dr.  Hamilton,  and  depicted  originally 
in  Itis  translation  of  Berthollet  on  Dyeing.  Mr.  Burkitt's 
improvement  of  this  apparatus  may  be  seen  in  Nicholson's 
Journal,  4to,  vol.  v.  349. 
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the  junctures  of  the  vessels ;  and  this  is  accomplished  by 
the  application  of  lutks.  Tlie  most  simple  method  of 
confining  the  vapour,  it  is  obvious,  would  be  to  connect 
the  placet;  of  juncture  accurately  together  by  grinding;  and 
accordingly  the  neck  of  the  retort  is  sometimes  ground  to 
the  mouth  of  tlie  receiver.  This,  however,  adds  too  nmch 
to  the  expense  of  apparatus  to  be  generally  practised. 

When  the  distilled  liquid  has  no  corrosive  property  (such 
as  water,  alcohol,  ether,  &c.),  slips  of  moistened  })ladder, 
or  of  paper,  or  linen,  spread  with  Hour  paste,  white  of  egg, 
or  mucilage  of  gum  arable,  sufHciently  ansAver  the  purpose. 
The  substance  which  remains,  after  expressing  the  oil  from 
bitter  almonds,  and  which  is  sold  under  the  name  of 
almond-meal,  or  flour,  forms  a  useful  lute,  when  mixed,  to 
the  consistency  of  glaziers'  pu;cv,  with  water  or  mucihigo. 
For  confining  the  vapour  of  acid,  or  highly  corrosive  sub- 
stances, the  fat  lute  is  well  adapted.    It  is  formed  by 
beating  perfectly  dry  and  finely  sifted  tobacco  pipe-clay, 
with  painters'  drying  oil,  to  such  a  consistence  that  it  may 
be  moulded  by  the  hand.    The  same  clay,  beat  up  with  as 
much  sand  as  it  will  beai",  without  losing  its  tenacity,  with 
the  addition  of  cut  tow,  or  of  horse-dung,  and  a  proper 
quantity  of  water,  furnishes  a  good  lute,  which  has  the 
advantage  of  resisting  a  considerable  heat,  and  is  appli- 
cable in  cases  where  the  fat  lute  would  be  melted  or  de- 
stroyed.   Various  other  lutes  are  recommended  by  chcmicaJ 
writers ;  but  the  few  that  have  been  enumerated  I  find  to 
be  amply  sufficient  for  every  purpose. 

On  some  occasions,  it  is  necessary  to  protect  the  retort 
from  too  sudden  changes  of  temperature,  by  a  proper  coat- 
ing. For  glass  retorts,  a  mixture  of  common  clay,  or 
loam,  with  sand,  and  cut  shreds  of  flax,  may  be  employed. 
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If  the  distillation  be  performed  by  a  sand  heat,  the  coating- 
needs  not  to  be  applied  hit^lier  than  that  part  of  the  retort 
which  is  bedded  in  sand ;  but  if  the  process  be  performed 
hi  a  wind  furnace  (fig.  63),  the  whole  body  of  the  retort, 
and  that  part  of  the  neck  also  which  is  exposed  to  heat^ 
must  be  carefully  coated.  To  this  kind  of  distillation, 
however,  cartlien  retorts  are  better  adapted;  and  they  may 
be  covered  with  a  composition  originally  recommended  by 
Mr.  Willis.  Two  ounces  of  borax  are  to  be  dissolved  in  a 
pint  of  boiling  water,  and  a  suihcient  quantity  of  slaked 
lime  added,  to  give  it  the  thickness  of  cieam.  This  is  to 
be  applied  by  a  painter's  bnish,  and  allowed  to  dry.  Over 
this  a  ihin  paste  is  afterwards  to  be  applied,  formed  of 
slaked  lime  and  common  linseed-oil,  well  mixed  and  per- 
fectly plastic.  In  a  day  or  two,  the  coating  will  be  suffi- 
ciently di  y  to  allow  the  use  of  the  retort. 

For  joining  together  the  parts  of  iron  vessels,  used  in 
distillation,  a  mixture  of  the  finest  China  clay,  with  solu- 
tion of  borax,  is  well  adapted.  In  all  cases,  the  difterent 
parts  of  any  apparatus  made  of  iron  should  be  accuratcljf 
fitted  by  boring  and  grinding,  and  the  above  lute  is  to  be 
applied  to  the  part  which  is  received  into  an  aperture. 
This  will  generally  be  sufficient  without  any  exterior 
luting ;  otlienvise  the  lute  of  clay,  sand,  and  flax,  already 
described,  may  be  used. 

In  every  instance,  where  a  lute  or  coating  is  applied,  k 
is  advisable  to  allow  it  to  dry  before  the  distillation  is 
begun ;  and  even  the  fat  lute,  by  exposure  to  the  air  during 
one  or  two  days  after  its  application,  is  much  improved  in 
its  quality.  The  clay  and  sand  lute  Is  perfectly  useless, 
except  it  be  previously  quite  dry.  In  applying  a  lute,  the 
part  immediately  over  the  jimcture  sliould  swell  outwards. 
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and  its  diameter  should  be  gradually  diniiuislied  on  each 
side.  (See  fig.  13,  where  the  luting  is  shown,  applied  to 
the  joining  of  the  retort  and  receiver.) 

Besides  the  apparatus  iUready  described,  a  variety  of 
vessels  and  instnunents  are  necessaiy,  having  little  resem- 
blance to  each  other,  in  the  purposes  to  whicli  they  arc 
adapted.  Glass  vessels  are  required  for  effecting  solution^ 
wliicJi  often  requires  the  application  of  heat,  and  some- 
times for  a  considerable  duration.  In  the  latter  case,  it  is 
termed  digestion,  and  the  vessel,  fig.  4,  called  a  mattraSy 
is  the  most  proper  for  performing  it.  When  sohition  is 
quickly  efFeeted,  the  bottle,  fig.  5,  with  a  rounded  bottom, 
may  be  used ;  or  a  common  Florence  oil  flask  serves  the 
same  purpose  exti'emely  well,  and  bears,  without  cracking, 
budden  changes  of  temperature.  For  precipitatiom,  and 
separating  liquids  from  precipitates,  the  decanting-jar 
(fig.  16)  will  be  found  useful;  or,  if  preferred,  itnuiy  be 
shaped  as  in  fig.  2(j,  f.  Liquids,  of  different  specifie 
gravities,  are  separated  by  the  vessel  fig.  3 ;  the  heavier 
fluid  being  drawn  off  through  the  cock  b,  and  air  being 
admitted  by  the  removal  of  the  stopper  «,  to  supply  its 
place.  Glass  rods,  of  various  lengt])s,  and  spoons  of  tlie 
same  material,  or  of  porcelain,  are  useful  for  stirring  acid 
and  corrosive  liquids ;  and  a  stock  of  cylindrical  tubes,  of 
various  sizes,  is  required  for  occasional  purposes.  It  is 
necessary  also  to  be  provided  with  a  series  of  glass  mea- 
sures, graduated  into  drachms,  ounces,  and  pints. 

For  tlie  diying  of  precipitates,  and  other  substances,  by 
a  heat  not  exceeding  212°,  a  very  useful  apparatus  is  sold 
in  London.  It  is  represented,  supported  by  the  ring  of  a 
lamp-stand,  by  fig.  27-  Tlie  vessel  a  is  of  sheet-iron  or 
copper  japanned  and  hard-soldered ;  c  is  a  conical  vessel 
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of  very  tliin  glass,  having  a  rim,  whicli  prevents  it,  when 
ill  its  place,  from  entirely  slipping  into  a;  and  d  is  a 
moveable  ring,  wliicli  keeps  the  vessel  c  in  its  place.  When 
the  apjKnatus  is  in  use,  water  is  poured  into  a  about  as 
high  as  the  dotted  line;  the  vessel  r,  containing  the  sub- 
stance to  be  dried,  is  immersed  in  the  water,  and  secured 
by  tiie  ring  and  the  whole  apparatus  set  over  an 
Argand's  lamp.  Tiie  "steam  esc-apes  by  means  of  the 
chimnev  Z»,  through  which  a  little  hot  water  may  be  occa- 
sionally poured,  to  supply  the  waste  by  evaporation.  By 
changing  the  shape  of  c  to  tiie  segment  of  a  sphere,  still 
retaining  the  rim,  I  have  found  it  a  most  convenient  vessel 
for  evaporating  fluids. 

Accurate  beams  and  scales,  of  various  sizes,  with  cor- 
responding weiglits,  some  of  which  are  capable  of  weighing 
several  pounds,  while  the  smaller  size  ascertains  a  minute 
fraction  of  a  grain,  are  essential  instruments  in  the  che- 
mical la])oratory.  So  also  are  mortars  of  different  materials, 
vSuch  as  of  glass,  porcelain,  agate,  and  metal.  Wooden, 
stands,  of  various  kinds,  for  supporting  receivers,  should  be 
provided.  (See  Aikin's  Chem.  Diet.  pi.  iv.  fig.  59,  e.) 
For  purposes  of  this  sort,  and  for  occasionally  raising  to  a 
proper  height  any  article  of  apparatus,  a  series  of  blocks,, 
made  of  well  seasoned  wood,  eight  inches  (or  any  other 
number)  square,  and  respectively  eight,  four,  two,  one,  and 
half  an  inch  in  thickness,  will  be  found  extremely  useful ; 
since,  by  combining  them  in  different  ways,  thirty-one 
different  heights  may  be  obtained. 

The  blow -pipe  is  an  instrument  of  much  utility  in  che- 
mical researches.  A  small  one,  invented  by  Mr.  Pepys, 
with  a  flat  cylindrical  box  for  condensing  the  vapour  of  the 
breath,  and  for  containing  caps,  to  be  occasionally  applied 
with  apertm-es  of  various  sizes,  is  perhaps  the  most  com- 
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m odious  form.  (See  Aikin's  Cliem.  pict.  pi.  vii.  fig.  7l, 
73.)  One  of  a  much  sraaller  size,  for  carrying  in  the 
l^ocket,  has  been  contrived  by  Dr.  Wollaston,  and  may  be 
iiad  from  Mr.  Kniglit  of  Foster-Lane*.  A  blow-pipe, 
vvliich  is  supplied  with  air  from  a  pair  of  double  bellows 
worked  by  the  foot,  may  be  applied  to  purposes  that  require 
both  hands  to  be  left  at  liberty,  and  will  be  found  useful  in 
blowing  glass,  and  in  bending  tubes.  The  latter  p\u-po'se, 
however,  may  be  accomplislicd  by  holding  them  over  an 
Argand's  lamp  with  double  wicks.  Occasionally,  when  an 
intense  heat  is  required,  the  flame  of  the  blow-pipe,  instead 
of  being  su])ported  by  the  mouth,  may  be  kept  up  by  a 
stream  of  oxygen  gas,  expelled  from  a  bladder  or  from  a 
gas-holder.  (See  a  representation  of  the  apparatus  in  the 
Chemical  Conversations,  pi.  ix.) 

In  the  course  of  this  work,  various  other  articles  of  ap- 
paratus will  be  enumerated,  in  detailing  the  purposes  to 
whicli  they  are  adapted,  and  the  principles  on  which  they 
are  constructed.    It  must  be  remembered,  however,  that 
it  is  no  part  of  my  object  to  describe  every  ingenious  and 
complicated  invention,  which  has  been  employed  in  tlis 
investigation  of  chemical  science  :  but  merely  to  assist  the 
saudent  in  attaining  apparatus  for  general  and  ordinary 
J)urposes.    For  such  purposes,  and  even  for  the  prosecution 
of  new  and  important  inquiries,  very  simple  means  are 
sufficient;  and  some  of  the  most  interesting  chemical  facts 
may  be  exhibited  with  the  aid  merely  of  Florence  flasks, 
of  common  vials,  and  of  wine  glasses;    In  converting  these 
to  the  purposes  of  apparatus,  a  Considerable  saving  of 
expense  will  accrue  to  the  experimentalist ;  and  he  will 


*  It  is  described  in  Ntch.  Journ.  xv.  284. 
VOL.  U  B 
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avoid  the  encumbrance  of  various  instnnncnts,  the  vuhie 
of  which  consists  in  sliow,  rather  than  in  real  utility. 

In  the  selection  of  experiments,  I  shall  generally  choose 
such  as  may  be  undertaken  by  persons  not  possessed  of  an 
extensive  chemical  apparatus.  On  some  occasions,  how- 
ever, it  may  be  necessary,  in  order  to  complete  the  series, 
that  others  should  be  included,  requiring,  for  their  per- 
formance, instruments  of  considerable  nicety.  The  same 
experiment  may,  perhaps,  in  a  few  instances,  be  repeatedly 
introduced  in  illustration  of  different  principles ;  but  this 
repetition  will  be  avoided  as  much  as  possible.  Each  ex- 
periment will  be  preceded  by  a  brief  enunciation  of  the 
general  truth  wlxich  it  is  intended  to  illustrate. 
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CHAPTER  II. 

OF  CHEMICAL  AFFINITY. 

ALL  bodies,  composing  the  material  system  of  the  imi- 
l  erse,  have  a  mutual  tendency  to  approach  each  other, 
whatsoever  may  be  the  distances  at  which  they  are  placed. 
I'he  operation  of  this  force  extends  to  the  remotest  parts 
of  tlie  planetary  system,  and  is  one  of  the  causes  that  pre- 
serve the  regularity  of  their  orbits.  The  smaller  bodieS;^ 
also,  that  are  under  our  more  immediate  observation,  are 
influenced  by  the  same  power,  and  fall  to  the  Earth's  sur- 
face, wlien  not  prevented  by  the  interference  of  other  forces. 
From  these  facts,  tlie  existence  of  a  property  has  been  in- 
ferred, which  has  been  called  attraction,  or  more  speci- 
fically the  attraction  of  gravitation.  Its  nature  is  entirely 
unknown  to  us ;  but  some  of  its  laws  have  been  investi- 
gated, and  successfully  applied  to  the  explanation  of  phe- 
noniena.  Of  these,  the  most  important  are,  that  the  force 
of  gravity  acts  on  bodies  directly  in  proportion  to  the 
quantity  of  matter  in  eachj  and  that  it  decreases  in  the 
reciprocal  proportion  of  the  squares  of  the  distances. 

From  viewing  bodies  in  the  aggregate,  we  may  next 
proceed  to  contemplate  them  as  composed  of  minute  par- 
ticles. Tliese,  also,  are  influenced  by  the  force  of  at* 
tracti{)n,  but  not  unless  when  placed  in  apparent  contact. 
Hence  a  distinction  has  heen  made  between  gravitation, 
and  that  kind  of  attraction,  which  is  effective  only  at  in- 
sensible distances.  Tlie  latter  h^^  been  called  contiguous 
attraction  or  affinity;  and  it  has  been  distinguished,  a£  it 
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is  exerted  between  particles  of  matter,  of  tlie  mme  kind, 
or  between  particles  of  a  diffh'ent  kind. 

By  the  affinitrj  of  aggregation,  the  cohesive  affi/iiti/, 
or  more  simply  eo/iesiony  is  to  be  understood  that  force  or 
power,  by  which  particles  of  matter  of  the  same  kind  at- 
tract each  other,  the  only  effect  of  this  affinity  being  an 
aggregate  or  mass.  Thus  a  lump  of  copper  may  be  con- 
sidered as  composed  of  an  infinite  number  of  minute  par- 
ticles or  integrant  parts,  each  of  which  has  precisely  the 
same  properties,  as  those  that  belong  to  the  whole  mass. 
These  are  united  by  the  cohesive  afhnity.  But  if  the 
copper  be  combined  with  another  metal  (such  as  zinc),  we 
obtain  a  compound,  tlie  constituent  parts  of  which,  copper 
and  zinc,  are  combined  by  the  power  of  chemical  affinity. 
In  simple  bodies,  therefore,  the  cohesive  aiTmity  alone  is 
exerted;  but  compounds  are  influenced  by  both  affinities, 
their  constituent  or  dissimilar  parts  being  united  by  che- 
mical affinity,  and  their  integrant  or  similar  parts  by  the 
idfinity  of  aggregation. 


SECTION  I. 

Of  Cohesion,  Sohttioti,  and  Ci-ystalUzation. 

The  cohesive  affinity  is  a  property,  which  is  common  to 
a  great  variety  of  bodies.  It  is  most  strongly  exerted  in 
solids;  and  in  these  it  is  directly  proportionate  to  the  me- 
chanical force  required  for  effecting  their  dis\nuon.  In 
liquids,  it  acts  with  considerably  less  energy;  and  in  aeriform 
bodies  we  have  no  evidence  that  it  exists  at  all ;  for  their 
particles,  as  will  afterwards  be  shown,  if  not  held  together 
by  pressure,  would  probably  separate  to  imme^urablc 
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distances.  Its  force  is  not  only  cliiferent  among  different 
bodies,  but  in  various  states  of  the  same  body.  Thus  in 
tlie  cohesion  of  certain  metals,  important  changes  are  pro- 
duced by  the  rate  of  cooling,  by  liammering,  and  by  other 
meclianical  operations.  Water,  also,  in  a  solid  state,  has 
considerable  colvesion,  which  is  much  diminished  when  it 
becomes  liquid,  and  entirely  destroyed  when  it  is  changed 
into  vapour. 

Tlie  most  important  view,  in  wiiich  the  chemist  has  to 
consider  cohesion,  is  that  of  a  force  either  counteracting  or 
modifying  chemical  affinity;  for  the  more  strongly  the 
particles  of  any  body  are  united  by  this  power,  the  less  are 
they  disposed  to  enter  into  combination  with  other  bodies. 
In  many  cases,  a  very  powerful  affinity  between  two  sub- 
stances may  be  rendered  wholly  inefficient,  by  the  strong 
cohesion  of  one  or  both  of  them.  Hence  it  has  been  re- 
ceived as  an  axiom,  that  the  iiffinity  of  cofnposition  is 
inwrsel//  proportionaie  to  the  cohesive  affinity. 

The  cohesion  of  bodies  may  be  overcome  either  by  me- 
chanical disintegration  j  by  the  action  of  caloric ;  or  by  the 
predominance  of  chemical  affinity'.  The  operations  of 
P|ilverizing,  rasping,  grinding,  &c.,  which  form  part  of  a 
variety  of  ordinary  processes,  are  examples  of  the  first 
method  of  destroying  cohesion.  The  effect  of  caloric  is 
perhaps  best  exemplified  in  the  case  of  two  metals  (sup- 
pose tin  and  copper)»whIch  do  not  unite,  however  minutely 
divided,  until  brought  by  heat  into  a  state  of  fluidity.  One 
of  tlie  most  simple  cases  of  the  predominance  of  chemical 
over  cohesive  affinity,  is  presented  by  the  solution  of  a  solid 
in  a  liquid,  a  process  which  affords  a  clear  illustration  of 
the  agency  of  the  opposite  powers  of  chemical  affinity  and 
cohesion. 

TV  term  sqlution  comprehends  an  extensive  class  of 
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phenomena ;  for  it  is  applied  not  only  to  the  disappearance 
of  solids  in  liquids,  but  to  such  combinations  of  liquids 
with  each  other,  and  of  solid  or  liquid  with  aeriform 
bodies,  as  are  attended  with  perfect  transparency.  It  a[  - 
pears  to  be  entirely  an  efl'ect  of  the  operation  of  chemical 
affinity,  exerted  between  the  more  fluid  body  termed  the 
solvent,  and  the  body  which  is  to  be  dissolved.  Thus 
when  water  is  poured  upon  any  salt,  the  solid  may  be  con- 
sidered as  acted  upon  by  two  forces.  Its  cohesive  attrac- 
tion, on  the  one  hand,  tends  to  preserve  it  in  a  solid  state,  and 
its  affinity  for  water,  on  the  other,  to  bring  it  into  a  state  of 
solution.  In  this  case  either  the  cohesion  of  the  salt  may 
be  so  stTong,  as  to  resist  entirely  any  sensible  action  of  the 
water ;  or  it  may  be  inferior,  in  various  degrees,  to  the 
force  of  chemical  affinity.  If  the  latter  force  prevail^  solu- 
tion goes  on  to  a  certain  point,  beyond  which  it  cannot  be 
carried.  This  term,  at  which  water  ceases  to  act  upon  a 
salt,  is  called  the  point  of  saturationy  and  the  resulting 
liquid  a  saturated  solution. 

In  the  instance  of  a  soluble  salt,  the  force  of  affinity  pre- 
vails then  over  that  of  cohesion.  But  conformably  to  a 
general  law,  which  will  afterwards  be  explained,  water 
acts  with  gradually  diminishing  energy  on  all  solids,  as  the 
solution  approaches  the  term  of  saturation.  Wlien  this  is 
attained,  tlie  affinity  of  the  fluid,  and  the  cohesion  of  the 
solid,  may  be  supposed  to  have  arrived  at  an  equilibrium. 
No  farther  action  can  be  exerted  by  the  fluid  upon  the 
solid,  unless  we  can  either  increase  tlie  energy  of  affinity, 
or  diminish  that  of  cohesion,  by  some  extraneous  force. 
In  these  cases  we  have  generally  recourse  to  the  agency  of 
caloric,  which  acts  chiefly  by  diminishing  cohesion.  But 
even  the  operation  of  heat  has  limits ;  for  it  is  incapable  of 
impairing  coh^jsion  beyond  a  certain  degree,  when  the  two 


SJfiCT.  I.  CHEMICAL    AFFINITY,    &C.  55 

opposing  forces  are  again  balanced,  and  we  obtain  a  new 
point  of  saturation.  In  tiiis  and  all  similar  instances,  tlie 
term  of  saturation  must  vary  at  almost  every  different  tem- 
peratine.  It  docs  not,  however,  appear  that  the  increase 
of  the  solvent  power  of  water  bears  any  regular  proportion 
to  the  increase  of  temperature ;  and  in  several  cases,  it  re- 
mains nearly  the  same  at  all  temperatures. 

When  water  has  ceased  to  act  upon  a  solid,  in  conse- 
quence of  its  having  attained  the  term  of  saturation,  the 
solution  may  tiike  up  another  solid  of  a  different  kind.  In 
this  instance  the  solid  first  dissolved  exerts  an  affinity  for 
the  second,  sufficient  to  overcome  the  cohesion  of  the 
latter ;  and  the  solution  goes  on,  till  these  two  forces  at- 
tain their  equilibrium. 

In  these  examples  of  the  most  simple  effi;ct  of  chemical 
affinity,  and  its  predominance  over  cohesion,  the  proper- 
tics  of  the  bodies,  which  are  combined,  undergo  little  or 
no  alteration.  A  solid,  when  thus  dissolved,  retains  its 
most  remarkable  sensible  qualities  of  taste,  smell,  &c.,  as 
well  as  its  chemical  relations.  Tlie  affinities,  indeed,  of 
most  solids,  are  rendered  much  more  efficient  by  solution ; 
because  one  of  the  principal  obstacles  to  cliemical  action 
(the  cohesive  affinity)  is  thus  in  a  great  measure  overcome. 
There  are  even  many  bodies  that  do  not  combine  at  ail, 
without  previous  solution.  Hence  ^it  was  formerly  re- 
ceived as  an  universal  axiom,  "  corpora  non  agunt  nisi 
sint  soluta"  a  proposition,  to  which  the  advancement  of 
chemical  science  has  since  discovered  many  exceptions. 

In  solids,  wl?ich  are  thus  retained  in  solution,  the  cohe- 
sive attraction,  though  overcome  by  a  counteracting  force, 
must  still  be  considered  as  existing,  and  as  tending  to  re- 
unite the  integrant  particles,  which  are  suspended  in  the 
fluid.   The  smallest  addition  to  the  cohesive  attraction 
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renders  this  force  efficient,  and  a  pai  t  of  the  solid  res\imes 
its  original  form.  Thus,  every  solution,  which,  after  being 
saturated  at  the  common  temperature,  has  received  a  second 
quantity  of  the  solid  by  the  application  of  heat,  deposits  a  . 
portion  of  the  solid  on  cooling;  because  when  the  increase 
of  temperature,  which  overcame  its  cohesion,  ceases  to  act, 
that  force  again  becomes  efficient.  The  same  thing  hap- 
pens, if  we  expel,  by  heat,  a  portion  of  the  water  which 
holds  the  solid  in  solution.  The  effect  of  this,  is  to  ap- 
proximate the  particles  of  the  solid,  and  thus  to  bring  them 
within  the  sphere  of  their  mutual  attraction,  , 

When  the  cohesive  affinity  of  a  dissolved  K)lid  once 
more  becomes  efficient,  it  may  produce,  according  to  cir- 
cumstances, either  shapeless  masses,  or  solids  of  a  regular 
figure,  bounded  by  plane  surfaces  and  determinate  angles. 
A  heated  solution  of  any  salt,  which  is  greatly  more  soluble 
in  hot  than  in  cold  water,  if  suddenly  cooled,  deposits  the 
salt  in  the  form  of  a  powder,  and  affords  one  of  the  sim- 
plest cases  of  what  is  termed  in  chemistry  precipitation. 
Again,  a  salt  with  a  less  difference  as  to  solubility  at  differ- 
ent te^nperatures,  such  as  sulphate  of  soda,  forms,  by  the 
rapid  cooling  of  a  hpated  and  saturated  solution,  an  irregular 
but  transparent  mass,  not  unlike  ice  va,  its  appearance. 
From  the  same  solution,  when  very  slowly  cooled,  the  salt 
is  deposited  in  regularly  shaped  figmes,  termed  cn/stals. 
Those  saline  solutions  also,  which  r^>tain  the  same  quantity 
of  salt  at  all  teinperatures,  and  from  which  therefore  crystals 
Cannot  bp  obtained  by  cqoling,  afford  eitlier  an  irregular 
mass  or  perfect  crystals,  accordingly  as  the  solvent  is  re- 
moved by  rapid  or  slovv  evaporation.    In  order,  then,  tQ 
produce  regvilar  arrangements  of  the  particles  of  a  dissolved 
solid,  the  cause,  overcoming  their  cohesive  affinity,  must  be 
rery  slowly  and  gradually  withdra\vn. 
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Tliere  are  other  circums-tancos,  which  influence  the 
cohesive  ailinity  of  dissolved  soUds,  and  determine  it  to 
become  effective.  Of  this  kind  is  the  introduction  of  an- 
.other  solid,  cither  of  the  same  or  of  a  different  kind  into 
tlie  fluid  mass.  On  this  principle,  pieces  of  wood  arc 
often  introduced  into  a  solution,  to  promote  cn  stallization; 
and,  for  the  same  reason,  the  first  crystals  are  formed  upon 
the  sides  of  the  containing  vessel.  But  a  still  more  effec- 
tual method  of  inducing  crystallization,  is  to  immerse,  in 
the  solution,  a  crystal  of  the  same  kind  with  that  which 
we  expect  to  be  formed.  'J'he  crystal,  thus  exposed,  re- 
ceives successive  additions  to  its  several  surfaces,  and  pre- 
ser\'es  its  form,  with  a  considerable  addition  to  its  magni- 
tude, .  This  curious  fact  was  originally  noticed  by  Le 
Blanc,  who  has  founded  on  it  a  method  of  obtaining  large 
and  perfect  crystals. 

Another  circumstance,  promoting  the  cohesion  of  dis- 
solved solids,  is  that  of  pressure  on  the  surface  of  the  solu- 
tion. A  saturated  solution  of  a  salt  may  be  prepared  under 
a  diminished  pressure,  which  will  immediately  become 
solid  on  restoring  the  weight  of  the  atmosphere.  This 
can  only  be  explained  on  the  supposition,  that  by  the  force 
of  extraneous  pressure,  the  particles  of  the  solid  are  brought 
nearer  to  each  other,  and  more  within  the  sphere  of  cohe- 
sive attraction.  On  tlie  same  principle,  liquids  must  ne- 
cessarily have  their  solvent  power  increased  by  a  dimi-r 
nished  pressure  of  ihe  air,  and  perhaps  in  an  appreciable 
degree,  even  by  coairnon  barometrical  changes. 

The  cohesion  of  the  particles  of  a  solid,  which  has  se- 
parated from  its  solvent,  is  never  so  powerful  as  to  unite 
tjicm  to  the  entire  exclusion  of  the  fluid,  a  portion  of 
wliicli  enters  into  the  composition  of  a  crystal,  and  is  essen- 
tial to  the  regularity  of  its  form.    In  the  instance  of  salts. 
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a  qtiantlty  of  water  is  almost  iiivarialjly  thus  combined,  and 
is  termed  their  water  of  cn/staUization.  Its  proportion 
is  variable  in  different  salts.  In  some  It  is  extremely 
small ;  in  others  it  constitutes  the  principal  part  of  the 
salt,  and  is  even  so  abundant  as  to  liquefy  them  on  the 
application  of  heat,  producing  what  is  called  the  watenj 
fimon.  The  water  of  crystallization  is  retained,  also,  by 
different  sails,  with  very  different  degrees  of  force.  Some 
crystals  abandon  their  water  by  mere  exposure  to  the 
atmosphere,  and  thus  lose  their  transparency,  and  in  time, 
their  form.  Such  salts  are  said  to  ejfiorosce.  Others,  on 
the  contrary,  not  only  hold  their  water  of  crystallization 
very  strongly  combined,  but  eagerly  attract  more,  and  on 
exposure  to  the  atmosphere  become  liquid,  or  deliquinte. 
The  property  itself  is  called  deliquescence. 

It  is  not,  how  ever,  every  solid  that  is  capable  of  crystal- 
lizing from  its  solution  in  water;  for  the  affinity  of  some 
saline  bodies  for  water  is  so  strong,  as  to  overcome,  under 
all  circumstances,  the  cohesive  attraction.  Even  these 
salts,  however,  may  be  brought  to  crystallize,  by  dissolving 
them  in  a  fluid  which  they  attract  less  strongly  than  water. 
Tlius  several  salts  of  this  kind  are  separated  in  a  crj'stalline 
form,  from  their  solution  in  alcohol. 

Since  the  cohesive  affinity  is  a  property  which  belongs 
to  solids  in  very  different  degrees,  and  since  solids  crystal- 
lize merely  in  consequence  of  the  predominance  of  this 
affinity,  it  must  be  obvious  that  when  two  solids  are  dissolved 
in  one  fluid,  they  may  be  separated  from  each  other  by 
their  different  tendencies  to  cohesion.  That  solid,  whose 
particles  have  the  greatest  cohesive  attraction,  will  sepa 
rate  first ;  and  the  other,  which  is  less  disposed  to  crystal- 
lize, may  be  afterwards  obtained  by  reducing  the  quantity 
or  temperature  of  the  solvent.    The  separation,  however. 
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of  the  two  solids  from  each  other  is  Si.'kloin,  if  ever,  perfect, 
on  account  of  their  mutual  affiuitj'  for  each  other.  W'licn 
nitre  and  common  salt,  for  example,  exist  toijetlier  in  the 
same  solution,  after  separating  most  of  the  nitre  bv  its 
greater  disposition  to  crystallize,  there  still  remains  a  por- 
tion in  the  saline  solution.  The  crystals,  also,  which  we 
obtain  at  first,  are  not  pure  nitre,  but  consist  of  that  salt 
combined  with  a  portion  of  common  salt. 

Every  solid,  that  is  susceptible  of  crystallization,  has  a 
tendency  to  assume  a  peculiar  shape.  Thus  common  salt, 
when  most  perfectly  crystallized,  forms  regular  cubes; 
nitre  has  the  shape  of  a  six-sided  prism ;  and  alum  that  of 
an  octaedron.  The  same  solid,  however,  admits  of  varia- 
tions of  its  crystalline  figure.  Calcareous  spar,  for  ex- 
ample, forms  six-sided  prisms,  and  three  or  six-sided  i)vra~ 
mids.  Tliese  varieties  are  occasioned  by  accidental  cir- 
cumstances, which  modify  the  operation  of  the  force  of 
cohesion.  The  diversities  are,  on  first  view,  extremely 
numerous ;  and  yet,  upon  a  careful  examination  and  com- 
parison, they  are  found  to  be  reducible  to  a  small  number 
of  simple  figures. 

The  attempt  to  trace  all  the  observed  forms  of  crystals 
to  a  few  simple  or  primary  ones,  seems  to  have  originated 
with  Bergman.*  In  the  instance  of  calcareous  spar,  this 
distinguished  chemist  demonstrated  that  its  numerous  mo- 
difications may  possibly  result  from  one  simple  figure,  the 
rhomb,  by  the  accumulation  of  which,  in  various  ways, 
crystals  of  the  most  oj)posite  forms  may  be  generated. 
This  theory  he  extended  to  crj'stals  of  every  kind  ;  and  he 
accounted  for  the  dilferences  of  their  external  figures,  by 

♦  Bergman's  Essays,  vol.  ii. 
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varieties  of  their  mechaniciil  elements  or  minute  mole- 
cules. 

Al)out  the  same  period  witli  Bergman,  or  immediately 
afterwards,  M.  Rt)me  do  I'lsle  pursued  still  farther  the 
theory  of  the  structure  of  crystals.  He  reduced  the  study 
of  crystallography  to  principles  more  exact,  and  more  con- 
sistent with  observation.  He  classed  together,  as  much  as 
he  was  able,  crystals  of  the  same  nature.  From  among  the 
different  forms  belonging  to  the  same  species,  he  selected, 
for  the  primitive  form,  one  which  appeared  to  him  to  be 
the  most  proper,  on  account  of  its  simplicity.  Supposing 
this  to  be  truncated  in  different  manners,  he  deduced  the 
other  forms,  and  cstablislijed  a  certain  gradation,  or  series 
of  passages,  from  the  primitive  form  to  complicated  figures, 
which  on  first  view  would  scarcely  appear  to  have  any  con- 
nexion with  it.  To  the  descriptions  and  figures  of  the 
primitive  forms,  he  added  the  mechanical  measurement  of 
the  principal  arigles,  and  showed  that  these  angles  are 
constantly  the  same  in  eacli  variety.  It  must  be  acknow- 
ledged, however,  that  the  primitive  forms,  assumed  by  this 
philosopher,  were  entirely  imaginaiy,  and  not  the  result  of 
any  experimental  analysis.  His  method  was  to  frame  an 
hypothesis;  and  then  to  examine  its  coincidence  with 
actual  appearances.  On  his  principles  any  form  might 
have  been  the  primitive  one,  and  any  other  have  been  de-; 
duced  from  it. 

It  was  reserved  for  the  sagacity  of  the  Abbe  Haiiy  to  un- 
fold the  true  theory  of  the  structure  of  crystals,  and  to 
support  it  both  by  experimental  and  mathematical  evi- 
dence. By  the  mechanical  division  of  a  complicated 
crystal,  he  first  obtains  the  simple  form,  and  afterwards 
constnicts,  by  the  varied  accumulation  of  the  primitive 
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figure,  according  to  matheniatical  synthesis,  all  the  ob- 
iserved  varieties  of  that  species. 

Every  crystal  may  be  divided  by  means  of  proper  instru- 
ments ;  and,  if  split  in  certain  directions,  presents  plane 
and  smooth  surfaces.  If  split  in  other  directions,  the  frac- 
ture is  nigged,  is  the  mere  etVect  of  violence,  and  is  not 
guided  by  the  natural  joining  of  the  crystal.  T\\is  fact, 
had  been  long  kno\\'n  to  jewellers  and  lapidaries ;  and  an 
accidental  observation  of  it  proved,  to  the  Abbe  Haiiy,  the 
key  of  the  whole  theory  of  crystallization.  By  the  skilful 
division  of  a  six-sided  prism  of  calcareous  spar,  he  reduced 
it  to  a  rhomb,  precisely  resembling  that  which  is  known 
under  the  name  of  Iceland  crystal.  Other  forms  of  calca- 
reous spar  were  subjected  to  the  same  operation ;  and,  how- 
ever different  at  the  outset,  finally  agreed  in  yielding,  as 
the  last  product,  a  rhomboidal  solid.  It  was  discovered 
also  by  Haiiy,  that  if  we  take  a  crystal  of  another  kind  (the 
cubic  fluor  spar  for  instance),  the  nucleus,  obtahicd  by  its 
mechanical  division,  will  have  a  different  figure,  viz.  an 
octaedron.  Other  crystallized  bodies  produce  still  differ- 
ent forms;  which  are  not,  liowever,  very  numerous. 
Tliose,  which  have  hitherto  been  discovered,  are  reducible 
to  six  J  the  parallelopipedon,  which  includes  the  cube,  the 
''rhomb,  and  all  the  solids  which  are  terminated  by  six  faces, 
parallel  two  and  two ;  the  tetraedron ;  the  octaedron ;  the 
regular  hexaedra\  prism;  the  dodecaedron  with  equal  and 
similar  rhomboidal  planes ;  and  the  dodecaedron  with  tri- 
angular planes. 

The  solid  of  the  primitive  form  or  nucleus  of  a  crystal, 
obtained  by  mechanical  division,  may  be  subdivided  in  a 
direction  parallel  to  its  different  faces.  All  the  sections 
thus  produced  being  similar,  the  resulting  solids  are  pre- 
cisely similar  in  shape  to  the  nucleus,  and  differ  from  it 
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only  in  size,  which  continues  to  decrease  as  the  division  Is 
can  icd  fai  tlier.  To  tliLs  division,  however,  there  must  be 
a  limit,  beyond  which  we  sliould  come  to  particles  so 
small,  tiiat  they  could  no  longer  be  divided.  At  this  term, 
therefore,  we  must  stop ;  and  to  these  last  particles,  the 
result  of  an  analysis  of  the  primitive  nucleus,  and  similar 
to  it  in  shape,  Haiiy  has  given  tlie  name  of  the  mtegrant 
molecule.  If  the  division  of  the  nucleus  can  be  Carried 
on  in  other  directions  than  parallel  to  its  faces,  the  integral 
molecule  may  then  liave  a  figure  dlHerent  from  that  of  the 
nucleus.  The  forms,  however,  of  the  integrant  molecule, 
which  have  hitherto  been  discovered,  are  only  three ;  the 
tctraedron,  the  simplest  of  pyramids  ;  the  triangular  prism, 
the  simplest  of  prisms;  and  the  parallelopipedon,  including 
the  cube  and  rhomboid,  the  simplest  of  solids  which  have 
their  faces  parallel  two  and  two. 

The  primitive  form,  and  that  of  the  integral  molecule 
having  been  experimentally  dctermTned  by  the  dissection 
of  a  crystal,  the  next  step  is  to  discover  the  law,  according 
to  which  these  molecules  are  arranged,  in  order  to  pro- 
duce, by  their  accumulation  around  the  primitive  figure, 
the  great  variety  of  secondary  forms.  What  is  most  im- 
portant in  the  discoveries  of  Haiiy,  and  what  constitutes  in 
fact  the  essence  of  his  theory,  is  the  determination  of  these 
laws,  and  the  precise  measurement  of  their  action.  He 
has  shown  that  all  the  parts  of  a  secondary  crystal,  super- 
added to  the  primitive  nucle\js,  consist  of  huninfp.,  which 
decrease  gradually  by  the  subtraction  of  one  or  more  layers 
of  integrant  molecules ;  so  that  theory  is  capable  of  deter- 
mining the  number  of  these  ranges,  and,  by  a  necessary 
consequence,  the  exact  form  of  the  secondary  crystal. 

By  the  development  of  these  laws  of  decrement,  Hauy 
has  admirably  shown  how,  from  variations  of  the  aiTancc- 
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ment  of  the  integrant  molecules,  ii  great  variety  of  second- 
ary figures  may  be  produced.  Their  explanation,  how- 
ever, would  involve  a  minuteness  of  detail,  altogether 
unsuitable  to  the  purpose  of  this  work  ;  and  I  refer,  there- 
fore, for  a  very  perspicuous  statement  of  them  to  the  first 
and  ninth  volumes  of  the  Philosophical  Magazine. 

Such  are  the  principal  vie\vs  wliich  interest  the  chemi- 
cal philosopher  in  the  consideration  of  the  force  of  cohe- 
sion. He  hits  sometimes  to  regard  it  as  a  cause  impeding 
or  modifying  the  action  of  chemical  alhnity ;  and  some- 
times as  producing  the  re-union  of  a  solid,  either  in  a 
regular  or  irregular  form,  whose  particles  have  been  sepa- 
rated by  the  predominance  of  chemical  affinity.  The 
cohesive  attraction  is,  therefore,  to  be  considered  as  the 
sole  cause  of  the  ciystallization  of  solids.  It  appears  to  be 
exerted  between  the  integrant  molecules  ;  for  these  are 
most  probably  the  bodies  ihvt  are  suspended  in  a  fluid, 
from  which  crystallization  is  about  to  happen.  To  these 
molecules,  the  property  of  polarity  has  been  ascrioed,  or  a 
tendency  to  arrange  themselves  by  certain  sides  in  prefer- 
ence to  others.  The  explanation,  however,  is  too  hypothe- 
tical to  be  received  as  .a  satisfactory  account  of  the  process 
of  crystallization.  It  assigns,  moreover,  a  cause,  the  re- 
lative force  of  which,  in  different  cases,  we  have  no  mean^j 
of  measuring  or  even  of  estimating. 

The  influence  of  cohesion  over  chemical  affinity,  it  will 
appear  however  from  the  sequel,  is  much  more  extensive 
than  can  be  inferred  from  the  foregoing  observations. 
To  the  full  development  of  this  interference,  it  is  essential 
that  tiie  general  laws  of  chemical  affinity  should  be  under- 
stood, and  to  the  explanation  of  these  I  shall  proceed  in 
the  foUowiag  section. 
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SECTION  11. 

Of  Chemkai  JJfinify,  und  the  Gcnrnd  rheuomena  of 

Chemical  Action. 

Chemical  affinity,  like  tlic  colicj-ivc  attrHCtIon,is  effected 
only  at  insensible  distances;  but  it  is  distinguished,  froiii 
the  latter  force,  in  being  exerted  between  the  particles  of 
bodies  of  different  kinds.  The  result  of  its  action  is  not  a 
mere  aggregate,  having  the  same  properties  as  the  separate 
parts,  and  differing  only  by  its  greater  quantity  or  mass, 
but  a  new  compound,  m  which  tlie  properties  of  the  com- 
ponents have  either  entirely  or  partly  disappeared,  and  in 
which  new  qualities  fu  i?  also  apparent.  Tlie  combinations 
effected  by  chemical  afhnity  are  permanent,  and  are  de- 
stroyed only  by  the  interference  of  a  more  powerful  force, 
either  of  the  same  or  of  a  different  kind. 

As  a  general  exemplification  of  chemical  action,  we  may. 
assume  that  which  takes  place  between  potash  and  sulphu- 
ric acid.  In  their  separate  state,  each  of  these  bodies  is 
distinguished  by  peculiarities  of  taste  and  other  qualities. 
Tlie  alkali,  on  being  added  to  bTuc  vegetable  infusions, 
changes  theh  colour  to  green;  and  the  acid  turns- them 
red.  But  if  we  add  the  one  substance  to  tlie  other,  very 
cautiously  and  in  small  quantities,  examining  the  effect  of 
each  addition,  we  shall  at  length  attain  a  certain  point,  at 
which  the  liquid  will  possess  neither  acid  nor  alkaline 
■-'  qwalities;  the  taste  will  be  converted  into  a  bitter  o>ie;  and 
the  mixture  will  produce  no  effect  on  the  blue  vegetable 
colours.  Here  then,  the  qualities  of  the  constituent  parts,, 
or  at  least  some  of  their  most  important  ones,  are  destroyed 
iy  combination.    When  opposing  properties  thus  dis- 
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appear,  the  bodies  combined  have  been  said  to  saturate 
each  otlier ;  and  the  precise  term,  at  which  tliis  takes 
place,  has  hctn  called  the  point  of  sat?tration.  It  is  ad- 
viscable,  however,  to  restrict  this  expression  to  weaker  com- 
Ijinations,  wliere  there  is  no  remarkable  alteration  of  qua- 
lities, as  in  cases  of  solution ;  and  to  apply,  to  those  results 
of  nwre  energetic  affinities,  which  are  attended  with  loss  of 
properties,  the  term  neiitraiization. 

At  the  same  time  that  the  properties  of  bodies  disappear 
on  combination,  other  new  qualities,  both  sensible  and 
chemical,  are  acquired ;  and  the  affinities  of  the  compo- 
nents for  other  substances  become  in  some  cases  increased, 
in  others,  diminislied  in  energy.  Sulphur,  for  example,  is 
destitute  of  taste,  smell,  or  action  on  vegetable  colours; 
auil  oxygen  gas  is,  in  these  respects,  equally  inefficient. 
But  the  compound  of  sulphur  and  oxygen  is  intensely  acid; 
the  iiiimitest  portion  instantly  reddens  blue  vegetable  in- 
fusions, and  the  acid  is  disposed  to  enter  into  combination 
with  a  variety  of  bodies,  for  wliich  its  components  evinced 
no  affinity.  Facts  of  this  kind  sufficiently  confute  the 
opinion  of  the  older  eheniists,  that  the  properties  of  com- 
|K)un(ls  aie  inteniiediate  between  those  of  their  component 
piu  ts ;  for  in  instances  like  the  foregoing  the  compound 
has  q^Kilities,  not  a  vestige  of  which  can  be  traced  to  either 
of  its  elements. 

Besides  tlie  alteration  of  properties,  which  usually  ac-* 
companies  chemical  action,  there  are  certain  other  pheno- 
meiM,  which  are  generally  observed  to  attend  it.  Of  these 
the  pi  irici|xil  are  clrange  of  form,  change  of  density,  and 
change  of  temperature. 

1.  Change  of  form  may  take  pkce  under  various  mo* 
difieatioiis.  Thus  two  or  more  solid  bodies,  by  combina- 
tion,  may  become  liquid  or  aeriform,  or  \ht  reverse.  A 
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solid  and  an  aeriform  body,  by  chemical  union,  may  pro- 
duce a  liquid,  as  in  the  instance  of  sulphur  and  oxygen  ; 
two  gases  may  produce  a  solid  or  liquid ;  or  two  liquids  a 
solid. 

2.  Cliange  of  density  is  an  almost  invariable  concomi- 
tant of  chemical  union.  In  most  instances,  the  density  of 
bodies  is  increased  by  combination,  or  is  greater  than  the 
mean  density  of  the  components.  If  equal  weights  of 
sulphuric  acid  and  of  water  be  mixed,  the  resulting  density 
is  not  the  mean,  but  considerably  greater.  In  some  cases, 
a  change  of  form  and  of  density  happen  together.  Thus  a 
salt,  when  dissolved  in  water,  has  exchanged  the  solid  for 
the  fluid  form,  and  its  density  is  diminished.  The  solvent, 
on  the  contrary,  has  experienced  an  increase  of  density ; 
but  the  former  effect  more  than  counterbalances  the  latter, 
and,  on  the  whole,  an  enlargement  of  volume,  or  diminu- 
tion of  density,  is  the  result.  The  same  tiling  happens 
with  certain  combinations  of  the  metals,  tVie  compound  of 
which  has  a  specific  gravity  less  than  that  of  the  compo- 
nents. 

3.  Change  of  temperature  is  observed  in  almost  every 
instance  of  chemical  action ;  and  this,  like  density,  may 
either  be  increased  or  diminished.  During  the  solution  of 
ceilain  solids  in  water,  the  thermometer  indicates  gene- 
rally a  production  of  cold,  or  in  other  words  a  diminished 
temperature.  When  sulphuric  acid  and  water  are  sud- 
denly mixed,  a  contrary  change  happens,  and  a  considera- 
ble increase  of  temperature  results.  The  cause  of  these 
changes  cannot  be  explained,  until  the  subject  of  the  va- 
rious quantities  of  caloric  in  bodies  has  been  considered. 
Tt  is  sufficient  at  present  to  observe  that  the  alteration  of 
temperature  is  invariably  accompanied  either  by  a  change 
of  form,  of  density,  or  of  both. 
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Chemical  affinity  may  be  exerted,  Istly,  between  two 
simple  substances,  or  among  tlu'ce,  four,  or  more,  giving 
rise  to  what  may  be  termed  primary  compounds,  or  com- 
pounds of  elementary  substances  with  each  other.  2dly, 
It  may  be  effcctiye  between  simple  bodies  and  compounds ; 
or,  3dly,  between  compounds  and  other  compounds.  By 
the  com'oinations  of  elementary  bodies  with  each  other, 
either  new  affinities  are  acquired,  or  at  least  existing  ones 
are  for  the  first  time  rendered  apparent.  Oxygen,  for  ex- 
ample, has  no  affinity  for  lime;  but  the  compound  of 
oxygen  and  sulphur  is  powerfully  attracted  by  tliat  earth, 
and  we  obtain  a  compound  of  sulphur,  oxygen,  and  lime. 
In  this  example,  and  in  all  similar  ones,  it  becomes  an  in- 
teresting question,  whether  the  resulting  combination  is 
to  be  ascribed  to  affinities  exerted  by  the  compound  (sul- 
j)huric  acid)  as  such ;  or,  to  the  affinities  of  the  constitu- 
ent principles  rendered  active  by  combination.  If  the 
hitter  be  the  true  conclusion  (as  will  appear  extremely 
probably  in  the  sequel),  it  will  follow  that  we  cannot,  in 
any  instance,  infer  from  the  want  of  action  between  two 
substances,  that  theV  have  no  affinity ;  and  that,  on  the 
contrary,  affinity  may  exist  when  not  manifested  by  any 
effect.  In  the  latter  case,  its  activity  is  suppressed  by 
counteracting  forces,  the  nature  of  vrhich  will  presently  be 
considered. 

Chemical  affinity,  when  it  actually  exists  between  two 
bodies,  is  not  exerted  with  the  same  energy  in  all  propor- 
tions. Istly,  Some  bodies  unite  in  one  proportion  only. 
Thus  hydrogen  and  oxygen  combine  only  in  the  propor- 
tions that  constitute  water,  which  are  nearly  15  of  the 
former  to  85  of  the  latter.  2dly,  Other  bodies  combine 
in  several  pioportions ;  but  these  are  definite ;  and,  in  tlie 
intermediate  ones,  no  combination  ensues.    Oxygen  and 
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nitrogen,  for  Instance,  unite  in  the  proportions  of  37  to 
6'3,  5«  to  44,  and  70^  to  29^,  but  cannot  be  combined  in 
any  other.  3dly,  In  some  cases,  combination  takes  phice 
in  all  proportions  to  a  certain  extent,  beyond  which  it  can- 
not be  carried.  This  is  best  exemplified  by  the  solution  of 
a  salt  in  water,  which  may  take  place  in  all  the  intermedi- 
ate degrees  to  the  point  of  saturation.  4thly,  In  other  in- 
stances, bodies  unite  without  limitation  in  all  propor- 
tions ;  but  the  affinities,  exerted  in  these  cases,  are  far  from 
]^emg  energetic,  and  the  bodies  combined  undergo  little 
alteration  of  properties.  Thus  sulphuric  acid  unites  with 
any  quantity  of  water;  and  the  characteristic  properties  of 
the  acid  (its  taste  and  action  on  vegetable  colours)  conti- 
nue to  be  apparent  in  the  compound. 


SECTION  HI. 

Of  Elective  Affinity. 

An  important  law  of  affinlt}',  which  is  the  basis  of  almost 
idl  chemical  theory,  is,  that  one  body  has  not  the  same 
fofce  of  affinity  towards  a  number  of  otliers,  but  attracts 
them  unequally.  Thus  A  will  combine  witli  B  in  pre- 
ference to  C,  even  when  these  two  bodies  are  presented  to 
k  under  equally  favourable  circumstances.  Or,  when  A  is 
united  with  C,  tlie  application  of  B  will  detach  A  from  C, 
and  we  shall  have  a  new  compound  consisting  of  A  and  B, 
C  being  set  at  liberty.  Such  cases  are  examples  of  what 
is  termed  in  cheniistry  simple  decompositioji,  by  wliich  it 
is  to  be  understood  that  a  body  acts  upon  a  compound, 
and  uftites  with  one  of  its  constituents ;  leaving  the  other 
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at  liberty.  And  as  the  forces  of  ufliiiity  of  one  body-  to  a 
number  of  others  vaiy,  this  body  has  been  considered  as 
making  an  election;  and  the  affinity  has  been  called  single 
elective  affinity.  Thus  if  to  the  muriate  of  lime,  con- 
sisting of  lime  and  muriatic  acid,  we  add  potash,  the 
muriatic  acid  exerts  a  stronger  elective  affinity  for  the 
potash  tlian  for  the  lime ;  and  the  lime  falls  down  in  the 
state  of  a  powder,  or  is  precipitated .  Of  facts  of  this 
kind  a  great  variety  have  been  comprehended  in  the  form 
of  tables,  the  fii-st  idea  of  which  seems  to  have  occurred, 
nearly  a  century  ago,  to  Geoffrey,  a  celebrated  French 
chemist.  The  substance,  whose  affinities  are  to  be  ex- 
pressed, is  placed  at  the  head  of  a  column,  and  is  separated 
from  the  rest  by  a  horizontal  line.  Beneath  this  line  are 
arranged  the  bodies,  witli  which  it  is  capable  of  combining, 
hi  tiie  order  of  their  respective  forces  of  affinity ;  the  sub- 
stance, which  it  attracts  most  strongly,  being  placed  nearest 
to  it,  and  that,  for  which  it  lias  the  least  affinity,  at  the 
bottom  of  the  column.  The  affinities  of  muriatic  acid,  for 
example,  are  exhibited  by  the  following  plan. 

MURIATIC  ACID. 

Barytes, 
Potash, 
Soda, 
Lime, 
Ammonia, 
Magnesia, 
&c.  &c. 

Simple  decompositions  may  be  expressed,  also,  by 
another  form,,  contrived  by  Bergman.    Thus  the  following 
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scheme  illustrates  the  decomposition  of  muriate  of  lime  by 
potash. 

Muriate  of  Potash. 

Muriate  (Muriatic  acid.  Potash. 

of     J  Water  at  60°. 

Lime,   i  Lime. 

Lime. 

The  original  compound  (muriate  of  lime)  is  placed  on 
the  outside  and  to  the  left  of  the  vertical  bracket.  Tlie 
included  space  contains  the  original  principles  of  the  com- 
pound, and  also  the  body  which  is  added  to  produce  de- 
composition. Above  and  below  the  horizontal  lines,  are 
placed  the  results  of  their  action.  The  point  of  the  lower 
horizontal  line  being  turned  downwards,  denotes  that  the 
lime  falls  down  or  is  precipitated;  and  the  upper  line, 
being  perfectly  straight,  shows,  that  the  muriate  of  potjtsh 
remains  in  solution.  If  both  the  bodies  had  remained  in 
solution,  they  would  both  have  been  placed  above  the 
upper  line ;  or,  if  both  had  been  precipitated,  beneath  the 
lower  one.  If  either  one  or  both  had  escaped  in  a  volatile 
form,  this  would  have  been  expressed  by  placing  the 
volatilized  substance  above  the  diagram,  and  turning 
upwaids  the  middle  of  the  upper  horizontal  line.  But 
since  decompositions  vary  under  different  circumstances, 
it  is  necessary  to  denote,  by  the  })roper  addition  to  the 
scheme,  that  the  bodies  are  dissolved  in  water  of  the  tem- 
perature of  60°. 

No  chemical  facts  can  appear,  on  first  view,  more  sim- 
ple or  intelligible,  than  those  which  are  explained  by  the 
pperation  of  single  elective  affinity.    It  will  he  found. 
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bowever,  on  a  more  minute  examination,  that  this  force* 
abstractedly  considered,  is  only  one  of  several  causes  which 
are  concerned  in  chemical  decompositions,  and  tliat  its 
action  is  modified,  and  st)metimes  even  subverted,  by 
counteracting  forces. 


SECTION  IV. 

Of  t/ie  Causes,  which  modify  the  action  of  Chemical 

Affinitij, 

Chemical  affinity  is  by  no  means  an  uniform  force, 
accompanied,  when  exerted  between  the  same  substances, 
with  invariably  tlie  same  effects;  but  these  effects  are 
modified  by  other  circumstances.  The  apparent  exceptions 
were  fii-st  attentively  examined  and  explained  by  Bergman; 
but  it  is  to  the  recent  labours  of  Bertlioilet,  that  we  are 
indebted  for  their  full  elucidation.  The  views  of  this  dis- 
tJnguisiied  philosopher  have  effected,  indeed,  a  complete 
revolution  in  our  notions  of  affinity;  and  have  shown  that  it 
is  a  force  much  less  exclusively  concerned,  than  was  for- 
merly imagined,  in  the  production  of  chemical  pheno- 
mena. 

llie  circumstances,  which  modify  the  exertion  of  che- 
mical affinity,  are  the  following : 

1 .  Cohesion.  The  influence  of  this  force  over  chemical 
affinity  has  already  been  in  part  explained  in  a  preceding 
section ;  and  other  illustrations  of  its  interference  will  be 
given,  when  we  consider  the  subject  of  the  limitations  to 
chemical  combination. 

Quantity  of  matter.    If  affinity  were  an  invariable 
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force,  a  body  A,  united  by  a  strong  affinity  to  another  B, 
could  never  be  separated  from  it  by  a  third  body  C,  for 
which  A  has  a  weaker  affinity.  Or  if  the  three  bodies  A, 
B,  and  C,  were  mixed  togetiier,  under  certain  circumstances, 
A  should  combine  with  B  to  the  entire  exclusion  of  C.  In 
neither  of  these  instances,  however,  does  such  an  exclusive 
action  take  place;  for  if  tlie  bodies  A  B  and  C  be  brought 
into  contact,  we  have  a  cornbi  nation  of  A  with  B,  and 
another  of  A  with  C,  in  proportions  regulated  by  the 
quantities  of  B  and  C.  Again,  the  compound  A  B  may  be 
partly  decomposed  by  C  Muriatic  acid,  for  instance,  has 
a  stronger  affinity  for  barytes  than  for  potash ;  and  yet,  in 
a  mixture  of  the  three  bodies,  the  acid  unites  not  only 
with  barytes  but  with  potash,  even  though  more  barytes 
may  be  present  than  is  necessary  to  neutralize  the  whole 
of  the  acid.  The  combination  of  muriatic  acid  and  barytes 
is,  also,  partly  decomposed  by  potash. 

It  is  found,  moreover,  "by  experiment,  that  when  t^vo 
bodies,  having  different  affinities  for  a  third,  are  brought 
into  contact  with  it,  under  equal  circumstances,  this  third 
body  is  flividod  between  them,  not  only  in  proportion  to 
the  energy  of  their  affinities,  but  also  in  proportion  to  their 
quantities.  A  larger  quantity,  therefore,  may  compensate 
a  weaker  affinity ;  and  the  reverse.  To  obtain,  in  such 
cases,  a  measure  of  the  action  of  two  bodies  on  a  third,  if 
their  respective  affinities  were  precisely  determined,  it 
would  only  be  necessary  to  multiply  the  number  indicating 
the  affinity  by  the  quantity.  To  the  product  of  this  mul- 
tiplication Berthollet  has  given  the  appellation  of  mass. 
Thus  let  us  suppose,  for  the  sake  of  illustration  (what  is 
not  accurate  in  fact),  that  the  affinity  of  bai-ytes  for  muriatic 
acid  is  twice  as  strong  as  tljat  of  potash,  or  that  these 
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affinities  are  respectively  dcjioted  by  the  numbers  4  and  2. 
In  this  case  the  same  7naxs  *  will  result  from  4  parts  of 
barytes  as  from  8  of  potash ;  because  the  same  product 
(16)  is  obtained,  In  each  instance,  by  multiplyinc^  the 
number  indicating  the  ai^inity  into  tliat  denoting  the 
quantity ;  for  4  (tlie  affinity  of  barytes)  multipla-d  by  4  (the 
quantity  assumed  in  this  example)  is  equal  to  16';  and  2 
(the  affinity  of  potash)  multiplied  by  8  (its  quantity)  is  also 
e(jual  to  16.  In  this  case,  therefore,  to  divide  equally  a 
portion  of  muriatic  acid  between  liarytes  and  potash,  these 
two  bodies  should  be  employed  in  tlie  proportion  of  2  of 
the  former  to  4  of  the  latter. 

Since  the  affinity  of  any  substance  for  another  is  in- 
fluenced by  tlie  cireumstttucc  of  quantity,  it  mi^ht  be  ex- 
pected that  affinity  must  decrease,  as  we  approarfi  the  tei  iii 
of  saturation  or  neutralization ;  and  this  is  pei-feetly  con- 
fmmable  to  fact.    Hence  was  deduced  the  law,  that  tlic 
force  of  affhuty  is  in  the  inverse  jtroporfion  of  neu~ 
traUztition,    As  an  exemplification  of  the  law,  ^  e  may 
suppose  the  quantity  of  potash,  required  to  neutralize  a 
given  weight  of  sulphuric  acid,  to  be  divided  into  100 
equal  parts,  and  each  ten  of  these  to  he  added  in  suc- 
cession.   If  the  initial  affinity  of  the  acid  for  the  alkali  be 
denoted  by  100,  the  first  ten  parts  will  be  combined  witli 
a  force  indicated  l)y  that  number ;  the  second  ten  with  the 
force  only  of  i)0 ;  the  third  ten  with  the  force  of  80 ;  and  so 
on,  in  a  diminishing  progivsiion,  as  we  approach  the  point 
of  neutralization.    It  is  scarcely  necessary  to  add  tliat  these 
numbers  are  not  intended  to  express  accurately  the  force  of 


*  This  term  is  objectionable,  on  account  of  the  difiPerent 
meaiiin!!,  which  is  affixed  to  it  in  mechanical  philosophy. 


74 


CHEMICAL    AFI'IMTY,    &C.         CHAP.  11. 


affinity;  but  are  arbitrarily  assumed  for  the  purpose  of 
illustration. 

The  influence  of  quantity  explains,  also,  tlie  difficulty 
which  is  observed  in  effecting,  in  any  instance,  the  t()tal 
decomposition  of  a  compound  of  two  principles  by  means 
of  a  third.  The  immediate  effect  of  a  third  body  C,  when 
added  to  a  compound  A  B,  is  to  abstract  from  B  a  portion 
of  the  substance  A ;  and  consecpiently  a  |X)rtion  of  B  is  set 
at  libert}',  the  attraction  of  which  for  A,  is  opposed  to  that 
of  the  uncombined  part  of  C.  The  farther  this  decom- 
position is  carried,  tlie  greater  will  be  the  proportion  of  B 
which  is  brought  into  an  uncombined  state ;  and  the  more 
powerfully  will  it  op}X)se  any  farther  tendency  of  C  to 
detach  the  substance  A.  At  a  certain  point,  the  affinities 
of  B  and  C  for  A  will  be  exactly  balanced,  and  the  decom- 
position will  proceed  no  farther.  In  a  few  cases,  it  must 
be  confessed,  a  third  body  separates  the  whole  of  one  of 
the  principles  of  a  compound ;  but  this  happens  in  conse- 
quence of  the  operation  of  extraneous  forces,  the  nature  of 
which  will  presently  be  explained. 

3.  Insoluhility  is  anotb.er  force,  which  essentially 
modifies  the  exertion  of  affinity.  It  is  to  be  considered, 
indeed,  merely  as  the  result  of  cohesion,  with  respect  to 
the  liquid  in  which  the  effisct  takes  place. 

Insolubility  may  be  regarded  as  opposing  an  obstacle  to 
chemical  action,  both  by  the  cohesion,  of  which  it  is  an 
effect,  and  by  its  preventing  that  contiguity,  which  is 
essential  to  the  exertion  of  affinity.  The  latter  impedi- 
ment we  endeavour  to  overcome  by  the  mechanical  diffiision 
of  an  insoluble  substance  through  the  fluid,  which  is  in- 
tended to  act  upon  it ;  and  when  the  new  compound  has 
considerable  solubility,  this  expedient  is  sufficiently  effectual. 
Thus  lime,  by  mechanical  difliisioo  in  muriatic  acid,  may 
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be  easily  brought  into  permanent  union.  But  if  in  at- 
tempting to  combine  two  bodies,  the  new  compound  he 
also  insoluble,  the  combination  is  eifected  with  considerable 
difficulty,  and  we  can  scarcely  bring  it  to  tlic  point  of 
saturation ;  as  in  the  case  of  sulphuric  acid  and  lime. 

When  a  soluble  substance  and  an  insoluble  one  are  pre- 
sented, at  the  same  time,  to  a  tiiird,  for  which  they  have 
nearly  an  equal  affinity,  the  soluble  body  is  brought  into 
the  sphere  of  action  with  great  advantages  over  its  anta- 
gonist. Its  cohesion  at  the  outset  is  but  little,  and  by 
solution  is  reduced  almost  to  nothing ;  while  that  of  the 
insoluble  body  remains  the  same.  The  whole  of  the 
soluble  substance  also  excits  its  affinity  at  once ;  while  a 
part  only  of  the  insoluble  one  can  oppose  its  force.  IJence 
the  soluble  substJince  may  prevail,  and  may  attach  to  itself 
the  greatest  proportion  of  the  tiiird  body,  even  though  it 
has  a  weaker  affinity  than  the  insoluble  one  to  the  subject 
of  combination. 

Insolubility,  however,  vmder  certain  circumstances,  is  a 
force  which  tums  the  balance  in  favour  of  the  affinity  of 
one  body  when  opjwsed  to  the  affinity  of  another.  For 
example,  if  to  the  soluble  compound,  sulphate  of  soda,  we 
add  barytes,  the  new  compound,  sulphate  of  barytes,  is 
precipitated  the  instant  it  is  formed ;  and  being  removed 
from  the  sphere  of  action,  the  soda  can  exert  no  eftect 
upon  it  by  its  greater  quantity  or  mass.  For  the  same 
reason,  when  soda  is  added  to  sulphate  of  barytes,  the 
latter  is  protected  from  decomposition  both  by  its  insolu- 
bility and  by  its  cohesion. 

These  facts  sufficiently  prove  that  the  order  of  precipita- 
tion, which  was  formerly  assumed  as  the  basis  of  tables  of 
elective  affinity,  can  no  longer  be  considered  as  an  accurate 
paeasuie  of  that  force  j  and  tliat  the  body,  which  is  preci- 
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pitateclj  TToay,  iu  some  cases,  be  superior  in  affinity  to  the 
one  which  has  caused  precipitation.  In  tliese  cases,  a 
trifiintJ:  superiority  in  affinity  nmy  be  more  tlian  counter- 
balanced bv  the  cohesive  force,  wliicli  causes  insohibility. 

4.  Great  sprrific  gravity  is  a  force,  wliich  must  concur 
with  insohibility  or  cohesion  in  orij^inally  impeding  com- 
bination; and  when  chemical  union  has  taken  place,  it 
must  come  in  aid  of  affinity,  by  removing  the  new  com- 
pofmd  from  the  spljcre  of  action.  It  is  scarcely  necessary 
to  enlarge  on  the  o^)cration  of  a  force,  the  nature  of  which 
must  be  so  obvious. 

5.  ILIasticiti/.  Cohesion,  it  has  already  been  stated,  may 
prove  an  impediment  to  coml^ination ;  and,  on  the  other 
hand,  it  is  possible  that  the  particles  of  bodies  may  be  se- 
parated so  widely,  as  to  be  reinoved  out  of  the  sphere  of 
their  mutual  attraction.  Such  appeal's  to  be  the  fact  with 
j-egard  to  a  class  of  bodies  called  au-s  or  gases.  The  bases 
of  several  of  these  have  powerful  attractions  for  the  bases 
of  others,  and  for  various  liquids,  and  yet  they  do  not 
combine  on  simple  admixtiu'e.  Thus  clastic  aeriform 
bodies,  again,  may  unite  with  each  other  or  with  liquids  ta 
a  certain  point  only,  at  whicli  affinity  is  balanced  by 
elasticity;  for  as  we  approach  saturation,  affinity  is  gra- 
dually diminished,  while  elasticity  remaihs  the  same.  The 
example,  which  Eerthollet  has  given  in  illustration  of  this 
principle,  is  tlie  affinity  of  water  for  carbonic  acid,  wkich 
occasions  it  to  combine  with  a  certain  quantity.  But  as 
we  approach  saturation,  this  affinity  is  gi'adually  diminished, 
while  the  elasticity  of  the  gas  remains  the  same,  and  tlie 
absorj^tion  can  go  on  no  longer.  If  the  elasticity  be  coun- 
teracted Ky  mechanical  pressure,  the  affinity  of  the  water 
for  the  acid  gas  again  becomes  efficient.  Such,  at  least,  is 
the  explanation  given  by  BerthoUet ;  but  the  fact,  which 
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is  indubitable,  may  be  explained  by  causes  altogether  me- 
clianical. 

Agnin  if  two  bodies,  one  of  which  has  an  elastic  and  the 
other  a  liquid  form,  be  presented  at  the  same  time  to  a 
solid,  for  which  they  have  both  an  affinity,  the  solid  will 
unite  with  the  liquid  in  preference  to  the  gas.    Or  if  we 
add  to  the  compound  of  an  elastic  substance  with  an  in- 
elastic one,  a  third  body  also  inelastic,  the  two  latter  com- 
bine to  the  exclusion  of  the  former.    For  example,  if  to 
the  compound  of  potash  and  carbonic  acid  we  add  sul- 
phuric acid,  the  latter  acid,  acting  both  by  its  affinity  an(L 
its  quantity,  disengages  a  portion  of  carbonic  acid.    This,  • 
by  its  cksiicity,  'm  removed  from  the  sphere  of  action,  and 
presents  no  obstacle  to  the  farther  operation  of  the  sul- 
phuric acid.     Hence  elastic  bodies  act  only  by  tiieir 
affinity;  whereas  liquids  act  both  by  their  affinity  and 
quantity  conjoined.    And  though  the  affinity  of  the  liquid, 
abstractedly  considered,  may  be  inferior  to  tlie  affinity  of 
the  elastic  body,  yet,  united  with  quantity,  it  prevails.  In 
the  above  instances,  the  wliole  of  the  elastic  acid  noay  be 
expelled  by  the  fiiced  acid  ;  whereas,  as  it  has  already  been 
observed,  decomposition  is  incomplete,  if  the  substance 
•which  is  liberated  remain  within  the  sphere  of  action. 

6.  t^jjfiorescence  is  a  circumstance  which  occasionally 
influences  the  exertion  of  affinity ;  but  this  is  only  of  veiy 
rare  occurrence.  Tlic  simplest  example  of  it  is  tliat  of 
lime,  and  muriate  of  soda.  When  a  paste  composed  of 
these  two  substances  with  a  great  excess  of  lime,  is  ex- 
posed, in  a  moist  state,  to  the  air,  the  lime,  acting  by  its 
quantity,  disengages  soda  from  the  common  salt,  which 
appeal's  in  a  dry  fonn,  on  the  outer  surface  of  the  paste, 
united  with  carbonic  acid  absorbed  from  the  atmosfrfierc. 
In  tliis  case  the  soda,  which  is  separated,  being  removed 
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from  contiguity  with  the  interior  part  of  the  mass,  presents 
no  obstacle  to  tlie  farther  action  of  the  lime,  and  the  de- 
composition is  carried  farther  than  it  would  have  been,  had 
no  such  removal  happened. 

6.  The  inHucnce  of  temperature  over  chemical  affinity 
is  extremely  extensive  and  important ;  but  at  present 
a  very  general  statement  only  of  its  effects  is  required. 
In  some  cases  an  increased  temperature  acts  in  promot- 
ing, and  at  others  in  impeding,  chemical  combination  : 
and  it  materially  affects  also  the  order  of  decomposi- 
tions. 

An  increased  temperature  promotes  chemical  union  by  di- 
minishing or  overcoming  cohesion.  '^Tlius  metals  unite  by  fu- 
sion, and  salts  are  rendered  more  soluble  in  water.  Whenever 
heat  is  an  obstacle  to  combination,  it  produces  its  effect  by 
increasing  elasticity.  Hence  water  absorbs  a  less  proportion 
of  gas  at  a  high  than  at  a  low  temperature.  A  reduction 
of  the  temperature  of  elastic  bodies,  by  lessening  their 
elasticity,  facilitates  their  union  with  other  substances.  In 
certain  cases,  an  increased  temperature  has  tlie  combined 
effects  of  diminishing  cohesion  and  increasing  elasticity. 
When  sulphur  is  exposed  to  oxygen  gas,  no  combination 
ensues,  until  the  sulphur  is  heated ;  and  though  the  elasti- 
city of  the  gas  is  thus  increased,  yet  the  diminution  of 
cohesion  of  the  solid  is  more  than  proportionate,  and  che- 
mical union  ensues  between  the  two  bodies. 

Such  are  the  most  important  circumstances,  that  modify 
the  exertion"  of  chemical  affinity.  Of  their  influence, 
sufficient  illustrations  have  been  given  to  prove,  that  in 
every  case  of  combination  and  decomposition,  we  are  not 
to  consider  the  force  of  affinity  abstractedly ;  but  are  to 
take  into  account  the  agency  of  other  powers,  as  cohesion/ 


SECT.  IV.  CHEMICAL   AFFINITY,    ScC.  79 

quantity,  insolubility,  elasticity,  efflorescence,  and  tem- 
perature. By  the  action  of  these  exti-aiieous  powers,  Ber- 
thollet  has  endeavoured  to  explain  certain  facts  which  are 
not  easily  understood  on  any  other  principle.  Of  tliesc  the 
most  important  are,  Istly,  the  establishment  of  proportions 
in  chemical  compounds ;  and  2dly,  the  modification  pro- 
duced in  the  affinities  of  bodies  by  chemical  union. 

1.  Independently  of  these  extraneous  forces,  Berthollet 
imagines  that  there  ai'e  no  limits  to  combination,  or  that 
two  bodies,  which  are  now  susceptible  of  union  only  in 
one  or  in  few  proportions,  might,  if  these  forces  were 
annihilated,  be  united  in  every  proportion.  The  causes 
which  he  has  assigned,  as  chiefly  regulating  proportion,  are 
cohesion  and  elasticity.  To  take  one  of  the  simplest  cases, 
the  proportion,  in  which  a  salt  can  be  combined  with 
water,  depends  on  tlie  balance  between  the  chemical 
affinity  of  the  bodies  for  each  other,  and  the  cohesive  at- 
traction of  the  salt.  In  this  case,  then,  cohesion  is  the 
limiting  power.  As  an  example  of  the  influence  of  this 
force  when  more  energetic  affinities  are  exerted,  if  we  add 
to  diluted  sulphuric  acid  a  solution  of  barytes,  a  com- 
pound is  formed,  consisting  of  sulphuric  acid  and  barytes, 
which,  in  consequence  of  its  great  insolubility  or  cohesion, 
is  instantly  removed  from  contact  with  the  redundant  acid, 
and  with  established  proportions. 

The  agency  of  elasticity  in  limiting  proportion,  may  be 
exemplified  by  the  combination  of  hydrogen  and  oxygen. 
If  a  raLxture  of  the  two  gases  be  inflamed,  the  new  com- 
pound, water,  is  immediately  separated,  from  what  is  su- 
perfluous of  both  ingredients,  by  its  superior  density.  In 
other  instances,  the  bases  of  aeriform  substances  are  com- 
bined in  various  proportions,  and  in  such  examples,  thcip 
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are  several  lerms  of"  greatest  condensation,  as  in  the  case  of 
exyf^en  and  nitrogen. 

2.  Anotlier  important  part  of  the  theoiy  of  Berthollet  is, 
tliat  the  affinities  of  a  compound  are  not  newly  acquired; 
but  are  merely  the  modified  aflinitics  of  its  constituents,  the 
action  of  which,  in  th*iir  &<'purate  stirte,  was  counteracted  by 
the  prevalence  of  opposing  forces,  hy  combination,  these 
forces  are  so  far  overcome,  that  the  affinities  of  the  consti- 
tuents are  enabled  to  exert  themselves. 

The  action  of  dilferent  affinities  existing  in  one  com- 
povrd,  Berthollet  terms  remlling  n^nitirs,  while  the  in- 
dividual affinities  of  the  constituents  he  calls  elementarif 
affivities.  1  hus  nitric  acid  acts  on  potash  by  an  affinity, 
which  results  from  those  of  oxygen  and  azote  for  potash. 
And  as  all  alfmity  is  mutual,  the  term  resultmg  ajftnity  is 
applied,  also-  to*  that  force,  with  Mliich  a  simple  body  acts 
en  a  compound  ;  to  the  affinity  for  example,  which  any 
simple  body  may  exert  on  nitric  acid.  A  simple  body,  in- 
deed, may  exert  towards  a  compound  both  an  elementary 
and  resulting  affinity.  If  the  elementary  affinity  prevails, 
it  will  unite  only  with  one  of  the  principles  of  the  com- 
po\md,  as  when  a  simple  body,  by  its  affinity  for  oxygen^ 
decomposes  nitric  acid,  and  lil)erate3  its  nitrogen  in  a 
separate  form.  If  the  resulting  affinity  be  predominant, 
the  siniple  body  will  unite  with  the  wholo  compound  with- 
out effecting  any  disunion  of  its  elements. 

From  these  views  it  may  be  inferred,  that  we  are  not,  in 
any  case,  to  deny  the  existence  of  an  affinity  between  two 
bodies,  merely  because  they  do  not  combine  when  pre- 
sented to  each  otlwr ;  for  an  affinity  may  exist,  l>«t  may 
be  suppressed  by  th«  prevalence  of  opposing  forces. 
According  to  the  doctrine  of  BerthoUtt,  affioitj'  is  a  force 
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exerted  by  every  body  towards  every  other  j  even  tbougli 
not  made  apparent  by  any  effect.  Op  this  principle,  we 
are  able  to  explain  cortain  phenomena,  which  are  wholly 
unintelligible  on  any  other,  and  especially  those  which 
have  been  referred  to  disposing  affinity.  The  action  of 
sidphiiret  of  potash,  for  example^  on  oxygen  gas,  has  been 
ascribed  to  the  disposing  affinity  of  potash  for  sulphuric 
acid.  This,  however,  is  ascribing  an  affinity  to  a  compound 
before  tliat-  compound  has  existence.  It  is  much  more 
probable,  that  besides  tlie  diminished  cohesion  of.,the  sul- 
phur, the  affinity  of  pota^li  for  oxygen  has  some  share  in 
producing  the  combination.  On  this  principle  the  united 
affinities  of  thepotarl:and  sulphur  for  oxygen  (in  other  words 
the  resulting  affinities  of  the  sulphuret  of  potash)  are  the 
oflicient  causes  of  chemical  union.  This  explanation, 
howe^•cr,  at  least,  does  not,  like  the  theoiy  of  disposing 
affinities,  involve  an  absurdit;,-. 

fn  opposition  to  the  theory  that  chemical  affinity  has  a 
tendency  to  unite  bodies  in  unlimited  proportions,  an  h}-po- 
thesls  has  lately  been  proposed  by  Mr.  Dalton*,  which 
appeal's  more  consonant  to  the  general  simplicity  of  nature. 
\Vl\cn  two  elements  unite  to  form  a  new  compound,  he 
takes  it  for  granted,  unless  some  sufficient  reason  can  be 
given  to  the  contrary,  that  one  ultimate  particle  or  atom  of 
the  one  unites  with  one  ultimate  particle  or  atom  of  the 
other.  In  this  way,  an  atom  of  oxygen  united  with  an  atom 
of  hvdrogen  forms  water;  and  an  atom  of  hydrogen,  com- 
bined with  an  atom  of  nitrogen,  constitutes  ammonia. 
When  only  one  compound  of  any  two  elements  can  be  ob- 
tained, he  presumes,  unless  the  contrary  can  be  proved, 


*  "  New  System  of  Chemical  Philosophy.'^    8vo.  London. 
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that  the  combination  is  of  the  kind  wliieh  has  been  ah-eady 
described,  and  which  he  calls  h'mnry.  But  if  several  com- 
pounds can  be  obtained  from  the  same  elements,  they 
combine,  he  supposes,  in  proportions,  which  are  expressed 
by  some  simple  multiple  of  the  number  of  atoms.  Tlie 
following  table  exhibits  a  view  of  some  of  these  combina- 
tions. 


1  atom  of  A  -f  1  atom  of  B  = 

1  atom  of  A  -f-  2  atoms  of  B  = 

2  atoms  of  A  H-  1  atom  of  B  = 
1  atom  of  A  -j-  3  aton  ts  of  B,  = 
o-^citoras  of  A  +  1  atom  of  B  = 

&c.  &c. 


1  atom  of  C,  ])inary. 
1  atom  of  D,  ternar)-. 
1  atom  of  E,  tevnarv. 
1  atom  of  F,  rjuaternaiy. 
1  atom  of  G,  quaternary. 


Hiis  theory  Mr.  Dalton  has  not  confined  to  the  combi- 
nations .of  bodies  generally  deemed  simple,  but  has  ex- 
tended to  those  wliich  take  place  between  simple  bodies 
and  compounds,  or  l)etween  compounds  and  other  com- 
pounds. Thus  the  neutral  salts,  which  result  from  the 
coml^ination  of  the  same  base  with  diflfcrent  proportions  of 
acid,  he  has  included  under  the  same  general  law.  It^  for 
example,  any  neuti-al  salt  consist  of  an  atom  of  base  united 
to  one  atom  of  acid,  the  superacid  salt  will  consist  of  an 
atom  of  base  united  with  two  atoms  of  acid,  lliis  doc- 
trine, it  must  be  confessed,  cannot  at  present  be  regiirded 
in  any  other  light  than  that  of  an  liyjx)thesis.  But  it  is 
an  hypothesis  which  has  been  developed  with  gi-eat  inge- 
nuity and  patience  of  investigation,  and  which  is  supported 
by  many  striking  and  daily  increasing  analogies. 
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Of  the  Esthjiation  of  the  Forces  of  Affinity. 

The  affinities  of  one  body  for  a  number  of  others  are 
not  all  of  the  same  degree  of  force.  This  is  all  that  tha 
ptcsent  state  of  our  knowledge  authorizes  us  to  affirm  3  for 
we  are  ignorant  h(nv  much  the  affinity  of  one  body  for 
another  is  superior  to  that  of  a  third.  The  determination 
of  the  precise  forces  of  affinity  would  be  an  important  step 
in  chemical  pliilosophy ;  for  its  phenomena  would  then  be 
reduced  to  calculation  j  and  we  should  be  enabled  to  an- 
ticipate the  result  of  experiment. 

Tlie  observed  order  of  decomposition,  it  has  already  been 
stated,  does  not  enable  us  to  assign  the  order  of  the  forces 
of  affinity ;  because,  in  all  decompositions,  otlier  forces 
are  concerned.  We  are,  therefore,  obliged  to  seek  some 
other  metliod  of  determining  the  problem.  Of  these 
several  liave  been  proposed. 

W  hen  the  surface  of  one  body  is  brought  into  contact 
with  another  surface  of  the  same  kind,  as  when  the  smooth 
surfaces  of  a  divided  leaden  bullet  are  pressed  together, 
they  adhere  by  the  force  of  cohesion,  their  particles  being 
all  of  the  same  kind.  But  when  the  surfaces  of  dilFcrent 
bodies  aie  thus  brouglit  into  apparent  contact,  it  is  reason- 
able to  suppose  that  their  adhesion  arises  from  chemical 
affinity,  because  their  particles  are  of  different  kinds. 
Guyton  proposed,  therefore,  the  comparative  force,  with 
which  diffiirent  surfaces  adhere,  as  a  competent  measure 
of  chemical  affinity.  His  experiments  were  made  on 
plates  of  different  metals,  of  precisely  the  same  size  and 
form,  suspended  by  their  centres  from  the  arm  of  a  sen- 
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sible  balance.  The  lower  surfaces  of  these  plates  were 
successively  brouglit  into  contact  with  mercurj',  which  was 
changed  for  each  experiment,  and  the  weight  was  ob- 
served, which  it  was  necessary  to  add  to  the  opposite  scale, 
in  order  to  detach  the  several  metals.  Those  which  re- 
quired the  largest  weight  were  inferred  to  have  the  greatest 
ajffinity ;  and  it  is  remarkable  that  the  order  of  affinities, 
as  determined  in  this  way,  correspond  with  the  affinities  as 
ascertained  by  other  methods.  The  following  were  the 
results : 

Gold  adhered  to  mercury  with  a  force  of  .  446  grains. 


Silver  42i> 

Tin     418 

Lead  397 

Bismuth   .    .    .    .    ,  372 

Zinc  204 

Copper     .  142 

Antimony  12(> 

Iron  '  ...  115 

Cobalt  8 


This  method,  it  must  be  obvious,  is  of  too  L'mited  ap- 
plication to  be  of  much  utility ;  for  few  bodies  have  the 
mechanical  conditions,  which  can  enable  us  to  subject  them 
to  such  a  test.  How,  for  example,  could  the  affinities  of 
acids  for  alkalis  be  examined  on  this  principle  ?  It  may 
be  doubted,  also,  whether  in  the  cases-to  which  it  may  be 
applied,  it  does  not  measure  the  facility  of  combination, 
rather  than  the  actual  force  of  affinity. 

To  determine  the  absolute  forces,  which  one  body 
exerts  towards  a  number  of  others,  Mr.  Kirwan  has  pro- 
posed the  quantity  of  each,  which  is  required  to  produce 
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neutralization.  Tliis  he  lias  ascertained  by  experiment  in 
a  great  variety  of  instances,  a  few  of  which  are  contained 
in  the  following  tables. 


100  Parts  of 

-  SULPHURIC  ACID 

require  for  Neutralization 


200  parts  of  barytes. 

l.'iS  -  -  of  strontites, 

121  -  -  of  potash. 

78  -  -  of  soda. 

70  -  -  of  lime. 

57  -  -  of  magnesia. 

26  -  -  of  ammonia. 


100  Parts  of 
POTASH  require 

105   of  carbonic  acid. 
85   of  nitric  acid. 
S2^  of  sulphuric. 
S6   of  muriatic. 


In  judging  of  the  affinities  of  the  same  acid  for  different 
bases,  Mr.  Kinvan  assumes  that  they  are  represented  by  the 
numbers  indicating  the  quantities  of  each  base  required 
for  neutralization.  Thus,  because  100  parts  of  sulphuric 
acid  neutralize  200  of  baiytes,  and  121  of  potash,  the 
affinity  of  the  former  is  superior  to  that  of  the  latter  in  the 
proportion  of  200  to  121.  So  far  the  inference  corre- 
sponds with  the  order  of  decomposition ;  for  baiytes  takes 
sulphuric  acid  from  potash.  But  if  we  examine  the  affi- 
nities of  potash,  as  represented  in  the  second  table,  we 
shall  find  that,  on  this  principle,  they  are  directly  contra- 
dictory to  fact.  Thus  the  affinity  of  sulphuric  acid  should 
be  greatly  inferior  to  that  of  the  carbonic ;  whereas  it  is 
well  known  that  the  former  displaces  the  latter  from  all  its 
combinations.  Mr.  Kirwan  was,  therefore,  driven  to  the 
necessity  of  establishing  a  precisely  opposite  rule  in  deter- 
jniuing  the  affinities  of  dilFerent  acids  for  the  same  base. 
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and  of  assuming  that  they  are  inversely  proportionate  to 
the  affinity  of  the  saturating  acid.  Thus  the  affinity  of 
carbonic  acid  for  potash  would  be  82|,  and  that  of  sulphu-- 
ric  acid  105.  This,  however,  involves  a  contradiction; 
since  it  is  implied  that  a  stronger  affinit)',  in  one  instance, 
requires  a  gi-eater  quantity  of  the  saturating  principle,  as 
in  the  relation  of  barytes  and  potash  to  sulphuric  acid ; 
and  that,  in  the  other,  it  requires  a  less  quantity,  as  in  the 
instance  of  the  sulphuric  and  carbonic  acids  with  respect 
to  potash. 

Neutralization  is  plainly  an  effect  of  chemical  affinity, 
and  must  in  all  cases  bear  a  proportion  to  its  cause.  It 
has  been  assumed,  therefore,  with  much  greater  probabi- 
lity, by  Berthollet,  that  the  substance  which,  in  the 
smallest  quantity,  neutralizes  another,  is  the  one  posses- 
sing the  strongest  affinity.  On  this  principle,  the  affinities 
of  sulpluiric  acid  for  different  bases,  will  be  exactly  the  re- 
verse of  the  order  established  by  Mr.  Kirwan  ;  and  to  that 
order,  which  would  have  been  assigned  from  observed  de- 
compositicns.  Thus  ammonia  will  have  a  stronger  affinity 
for  sulphuric  acid,  than  any  of  the  substances  whicli  are 
placed  above  it  in  the  tiible ;  though  it  ^is  separated,  by 
each  of  these,  from  its  union  with  that  acid. 

It  is  in  the  extraneous  forces,  which  have  been  enume- 
rated as  influencing  chemical  affinity,  that  we  are  to  seek 
for  the  explanation  of  this  apparent  anomaly,  and  espe- 
cially in  those  of  coliesion  and  elasticity,  'i'he  elasticity  of 
ammonia,  for  example,  turns  the  balance  in  favour  of 
magnesia,  lime,  cScc.  There  is  an  obvious  difliculty,  how- 
ever, in  the  application  of  the  theory.  For  as  the  elasticity 
of  ammonia  is  suppressed  by  its  coniljination  with  sul- 
phuric acid,  what,  it  may  be  asked,  but  a  superior  affinity 
c^n  occasion  the  first  commencement  of  decomposition  ? 
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This  difliculty,  perhaps,  will  be  removed,  if  we  admit  that 
the  afliiiity  of  tlie  hist  portions  of  ammonia,  which  produce 
satm-ation,  is  inferior  to  the  affinity  of  lime,  wliieh,  being 
in  an  insulated  state,  acts  on  tlie  sulphuric  acid  with  all 
the  force  of  its  initial  affinity.  The  decomposition  then 
goes  on,  because  the  ammonia,  being  removed  from  the 
sphere  of  action,  presents  no  obstacle  by  its  quantity. 

The  problem,  therefore,  of  determining  the  absolute 
forces  of  affinity  can  scarcely  be  admitted  to  be  solved. 
Even  if  it  were,  we  should  not  be  able  to  predict  the  order 
of  decomposition,  unless  the  modifying  forces  of  cohesion, 
elasticity,  &c.,  could  be  at  the  same  time  subjected  to  pre- 
cise admeasurement.  Until  both  these  objects  are  accom- 
plished, the  results  of  chemistry  can  in  no  case  be  obtained 
by  calculation,  but  the  science  must  remain  a  collection  of 
general  principles,  derived  from  experiment  and  induc- 
tion. 


SECTION  VI. 

Of  Complex  Affinity. 

Under  the  more  general  name  of  complex  affinity, 
Berthollet  includes  that  whicli  has  hitherto  been  consi- 
dered as  produced  by  the  action  of  four  affinities,  and 
whicli  has  commonly  been  denominated  double  elective 
affinity.  It  frequently  happens  that  the  compound  of  two 
principles  cannot  be  destroyed  either  by  a  third  or  a  fourth 
separately  applied ;  but  if  the  third  and  fourth  be  com- 
bined, and  placed  in  contact  with  tlie  former  compound, 
a  decompo^iltion,  or  a  ch  ■  ';j;e  of  principles  will  ensue. 
TJius  when  lime  water  is  added  to  a  solution  of  the  sul- 
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pbate  of  soda,  no  decomposition  happens,  because  the 
sulphuric  acid  attracts  soda  more  strongly  than  it  attracts 
lime.  If  the  muriatic  acid  be  applied  to  the  same  com- 
pound, still  its  principles  remain  undisturbed,  because  the 
sulphuric  acid  attracts  soda  more  strongly  than  the  muria- 
tic. But  if  the  lime  and  muriatic  acid,  previously  com- 
bined, be  mixed  with  the  sulphate  of  soda,  a  double  decom- 
position is  elfected. 

The  lime,  quitting  the  muriatic  acid,  unites  with  the 
sulphuric,  and  the  soda,  being  separated  from  the  sulphu- 
ric acid,  combines  with  the  muriatic.  These  decomposi- 
tions are  rendered  more  intelligible  by  the  following 
diagram,  contrived  by  Bergman. 

Muriate  of  Soda. 


Soda 

Sulphate 

of    ^  78 

Soda. 


136 


Sn\p]f  acid  70 


Muriatic  acid 
Lime. 


Muriate 
of 
Lime. 


Sulphate  of  Lime. 


On  the  outside  of  the  vertical  brackets  are  placed  th« 
original  compounds :  and  above  and  below  the  diagram, 
the  new  compounds.  The  upper  line,  being  straight,  in- 
dicates that  the  muriate  of  soda  remains  in  solution ;  and 
the  middle  of  the  lower  line,  being  directed  downwards, 
that  the  sulphate  of  lime  is  precipitated. 

In  all  cases  similar  to  the  foregoing,  Mr.  Kii-wan  con- 
ceives that  we  may  trace  the  operation  of  two  distinct 
series  of  affinities.   The  affinities  tending  to  preserve  the 
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original  compounds  (wlijch  in  the  above  example  are 
tliose  between  sulphuric  acid  and  soda,  and  between  niU'- 
riatic  acid  and  lime),  he  terms  \he  quiescent  af/initles ; 
because  they  resist  any  change  of  composition.  On  the 
other  hand  the  affinities,  which  tend  to  disunite  the  origi- 
nal compounds  and  to  produce  new  ones  (such  as  those 
between  muriatic  acid  and  soda,  and  between  sulphuric 
acid  and  lime),  he  terms  divellent  affinities.  In  order 
that  an  effect  may  be  produced,  tlie  divellent  affinitie!? 
must  necessarily  be  superior  to  the  quiescent.  Now  as- 
suming the  numbers  in  Mr.  Kirwan's  tables  to  express  ac-r 
curately  the  forces  of  affinities,  the  double  exchange  of 
-  principles,  which  happens  in  the  preceding  instance,  j« 
readily  explained.    Tlius  the  quiescent  affinities  are 

Tliose  of  lime  to  muriatic  acid  =118 
of  soda  to  sulphuric  acid  =  78 

llie  divellent  affinities,  opposed  to  these,  consist  of 

The  affinity  of  soda  to  muriatic  acid  =  13G 
lime  to  sulphuric  acid  =  7^^ 

20G 

Tlie  original  compound,  therefore,  is  preserved  by  a  force 
equivalent  to  196,  and  the  tendencies  to  produce  new  com- 
poiiuds  are  represented  by  the  nuiAber  206.  T)ie  divellent 
affinities  are,  therefore,  predominant. 

The  thcojy  of  quiescent  and  diTcllent  affinities,  however, 
though  highly  attractive  from  its  simplicity,  and  ffom  the 
facility  with  which  it  solves  ceitaia  plicnomena,  is  comr 
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pletely  defective  in  the  explanation  of  others.  For  ex- 
ample, sulphate  of  potash  is  decomposed  by  muriate  of 
))arytes.  Yet,  estimatins^  in  the  above  manner  the  quies- 
cent and  divellcnt  afihiities,  an  exchange  of  principles 
ought  not  to  ensue.  The  affinities,  tending  to  presen  e  the 
original  compound,  are  those  of  sulpimric  acid  for  pot- 
ash =121,  and  of  muiiatic  acid  for  barytes  =  31'1.  The 
divellcnt  affinities  are  that  of  muriatic  acid  for  pot- 
ash =  177  4- that  of  sulphuric  acid  for  baiytes  =  200.  The 
(juiescent  affinities  then  are  121+314  =  135,  and  the 
divellcnt  177  +  200  =  377.  This  leaves  a  balance  of  58 
in  favour  of  the  quiescent  affinities;  and  yet  decomposition 
ensues,  vvlien  the  two  compounds  are  brought  into  contact. 

It  must  be  acknowledged  that  the  numbers,  assumed  hj 
Mr.  Kirvvan,  do  not  correspond  with  the  actual  forces  of 
affinity.  But  even  if  they  are  taken  according  to  the  prin- 
ciple assumed  by  Berthollet,  they  will  not  be  found  uni- 
versally applicable.  The  reason  of  this  is,  that  the  phe- 
nomena produced  by  complex  affinity,  like  those  occa- 
sioned by  simple  affinity,  are  materially  influenced  by  the 
extraneous  forces  of  cohesion,  quantity,  elasticity,  tem- 
perature, &Ci  The  effect  of  quantity  is  shown  by  the  fact, 
that  if  two  salts  be  mixed  together  in  certain  proportions, 
decomposition  will  ensue,  but  not  if  mixed  in  other  pro- 
portions. Thus  from  the  mingled  solutions  of  two  parts  of 
muriate  of  lime  and  one  of  nitrate  of  potash,  we  obtain 
muriate  of  potash ;  Tjut  not  from  equal  weights  of  the  twQ 
salts.  Insolu])ility,  or  ])recipitation,  has  also  a  considcrabl« 
influence  on  the  result.  When  this  occui*s,  the  influence 
of  qur.ntity  is  destroyed,  as  in  the  case  of  sulphate  of  potasli 
and  muriate  of  barytes.  Elasticity,  and  an  increased  tem- 
perature (which  operates  by  increasing  elasticity),  have  also 
a  powerful  influence  in  promoting  the  action  of  complex 
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affinities.  Tims  of  four  piiuclples,  two  of  wliicli  are 
volatile  and  t\vo  fixed,  the  two  wiiich  are  volatile  will  be 
dls-posed  to  unite,  in  preference  to  combining  with  either 
of  those  which  are  fixed.  Hence  tlie  phenomena  of  com-, 
plex  decomposition  concur  with  those  of  a  more  simple 
kind,  in  proving  that  affinity  is  not  aii  uniform  force,  but 
is  materially  influenced  by  various  modifying  circumstances; 
ftnd  that  we  cannot  confidently  anticipate  results,  from 
comparing  the  numerical  expressions  of  quiescent  and 
divellent  affinities. 

One  gi-eat  obstacle  to  the  constmction  of  tables,  capable 
of  representing  the  forces  of  affinity,  is  the  difficulty  of 
ascertaining,  witli  precision,  the  quantities  of  bodies  re- 
quired for  neutralization.  Notwithstanding  all  the  care 
employed  by  Mr.  Kirwan,  considerable  errors  appear  to 
have  crept  into  the  results  of  his  experiments,  lliis  will 
sufficiently  appear,  when  they  are  examined  by  a  test, 
which  htis  been  ingeniously  proposed  by  Guyton.  It  must 
he  obvious  that  if  bet\wcn  two  salts,  which  are  mixed  to- 
gether in  solution,  decomposition  should  ensue,  and  the 
mixture  should  afterwards  he  found  neutral,  the  quantity 
of  acid,  which  has  quitted  one  of  the  bases,  must  have 
been  exactly  equivalent  to  the  saturation  of  the  other  base, 
also  deserted  by  its  acid.  If,  for  example,  we  mingle  the 
iiiuriatc  of  magnesia  and  sulphate  of  soda,  the  mixture 
continues  neutral  j  and  hence  it  follows  that  the  muriatic 
acid  which  quits  the  magnesia  must  have  been  exactly 
equal  to  the  neutralization  of  the  soda  deserted  by  the 
sulphuric  acid.  But  from  a  calculation,  founded  on  the 
proportion  of  the  ingredients  of  these  salts,  as  established 
by  Mr.  Kirwan,  it  appears  that  the  soda,  detached  from  the 
sjidphuric  acid,  is  not  adequate  to  the  saturation  of  the 
iQuriatic  acid.    The  mixture,  therefore,  ought  to  be  acid ; 
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and  since  tliis  is  contrary  to  fact,  we  may  safely  infer  that 
there  is  an  error  in  the  estimation  of  the  ingredients  com- 
posing tliese  salts.  No  tables,  indeed,  can  be  correct, 
unless  they  stand  the  test  of  this  mode  of  verification. 
Such  a  table  has  been  calculated  by  Fischer  from  the  ex- 
periments of  Richter ;  but  even  this  table  seems  in  several 
respects  to  be  of  questipnaljle  accuracy.  I  have  thought  it, 
however,  entitled  to  a  place  among  the  tables  in  the  Ap- 
pendix. 

SECTION  VII. 

E'^perimental  Illustrations  of  Chemical  Affinity^  So- 
lution, &c. 

For  these  experiments,  a  few  wine  glasses,  or,  in  pre- 
ference, deep  ale  glasses,  will  be  required ;  and  a  Florence 
flask  for  performing  the  solutions. 

I.  Some  bodies  have  no  affinity  for  each  other. — Oil 
and  water,  mercurj'  and  water,  or  powdered  chalk  and 
water,  when  shaken  together  in  a  vial,  do  not  combine,  the 
oil  or  water  always  rising  to  the  surface,  and  the  mercury 
or  chalk  sinking  to  the  bottom. 

II.  Exainples  of  chemical  uffiniiyy  and  its  most  sim- 
ple effect,  viz.  solution. — Sugar  or  common  salt  disappears 
or  dissolves  in  water;  chalk  in  dilute  muriatic  acid*. 
Sugar  and  salt  are,  therefore,  said  to  be  soluble  in  water, 
and  chalk  In  muriatic  acid.  The  liquid  in  which  the 
solid  disappears,  is  termed  a  solvent.    Chalk  or  sand,  on 


*  I  omit,  purposely,  the  distinction  betfreen  the  solution 
*nd  dissolution. 
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the  contrary,  when  mixed  with  water  by  agitation,  ah\  ays 
subside  again.    Hence  they  are  said  to  ])e  insoluble. 

III.  I/jJliience  of  mechanical  division  in  promoting  the 
action  of  chemical  affinitij,  or  in  favouring  solution.- — 
Lumps  of  chalk  or  marble  dissolve  much  more  slowly  in 
dilute  muriatic  acid,  than  equal  weights  of  the  same  bodies 
in  powder.  Muriate  of  lime,  or  nitrate  of  ammonia,  cast, 
after  liquefaction  by  heat,  into  tlie  shape  of  a  solid  sphere, 
is  very  slowly  dissolved ;  but  with  great  rapidity  when  in 
the  state  of  a  powder  or  of  cr}'sta]s.  When  a  lump  of  the 
Derbyshire  fluate  of  lime  is  immersed  in  concentrated  sul- 
phuric acid,  scarcely  any  action  of  the  two  substances  on 
each  other  takes  place;  but  if  the  stone  be  finely  pulverized, 
and  then  mingled  with  the  acid,  a  violent  action  is  mani- 
fested, by  the  copious  escape  of  vapours  of  fluoric  acid.  In 
the  common  arts  of  life,  the  rasping  and  grinding  of  wood 
and  other  substances  are  familiar  examples. 

IV.  Hot  liquids,  generally  speaking,  are  more  power- 
ful solvents  than  cold  ones. — ^To  four  ounce-measures  of 
water,  at  the  temperature  of  the  atmosphere,  add  three 
ounces  of  sulphate  of  soda  in  powder.  Only  part  of  the 
salt  will  be  dissolved,  even  after  being  agitated  some  time. 
Apply  heat,  and  the  whole  of  the  salt  will  disappear. 
When  the  liquor  cools,  a  portion  of  salt  will  separate  again 
in  a  regular  form  or  in  crystals.  This  last  appearance 
affords  an  instance  of  crystallization. 

To  this  law,  however,  there  are  several  exceptions ;  for 
many  salts,  among  which  is  muriate  of  soda,  or  common 
salt,  are  equally,  or  nearly  equally,  soluble  in  cold  as  in 
hot  water.  (See  the  table  of  solubility  of  salts  in  water, 
in  the  Appendix.)  Hence,  a  hot  and  saturated  solution  of 
sauriate  of  soda  does  not,  like  the  sulphate,  deposit  crystak 
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on  cooling.  To  obtain  crystals  of  tlie  muriate,  and  of 
other  salts  which  observe  a  similar  law  as  to  solubility,  it 
is  necessary  to  evaporate  a  portion  of  the  water ;  and  the 
salt  will  then  be  deposited,  even  while  the  liquor  remains 
hot.  In  general,  the  more  slow  the  cooling,  or  evapora- 
tion, of  saline  solutions,  the  larger  and  more  regidar  are 
the  crystals. 

V.  ^  very  minute  divisioti  of  bodies  is  effected  by  so- 
lution.— Dissolve  two  grains  of  sulphate  of  iron  in  a  quart 
of  water,  and  add  a  few  drops  of  this  solution  to  a  wine- 
glassful  of  water,  into  which  a  few  drops  of  tincture  of 
galls  have  been  fallen.  The  dilute  infusion  of  galls  will 
speedily  assume  a  purplish  hue.  This  shows  that  every 
drop  of  the  quart  of  water,  in  which  the  sulpliate  of  iron 
was  dissolved,  contains  a  notable  portion  of  the  salt. 

VI.  Some  bodies  dissolve  much  more  readi/f/  and  co- 
piously than  others. — Thus,  an  ounce  measure  of  distilled 
water  will  dissolve  half  its  weight  of  sulphate  of  ammonia, 
one  third  its  weight  of  sulpliate  of  soda,  one  sixteenth  of 
sulphate  of  potash,  and  only  one  five-hundredth  its  weight 
of  sulphate  of  lime. 

VII.  Mechanical  agitation  facilitales  soluticn. — Into 
a  wine-glassful  of  water,  tinged  blue  m  I .  h  the  infusion  of 
litmus,  let  fall  a  small  lump  of  solid  taitaric  acid.  The 
acid,  if  left  at  rest,  even  during  some  hours,  will  only 
change  to  red  that  portion  of  the  infusion  which  is  in  im- 
mediate contact  with  it.  Stir  the  liquor,  and  the  whole 
will  immediately  become  red. 

VIII.  Bodies  do  not  act  on  each  other,  unless  either 
one  or  both  be  in  a  state,  of  solution. — 1.  Mix  some  dry 
tartaric,  or,  in  preference,  citric  acid  with  dry  carbonate  of 
potash.    No  coHibiuatioa  will  ensue  till  wate\-  is  addod. 


»£CT.V1I.         CHEMICAL  AFFINITY,  &C.  95 

which,  acting  the  part  of  a  solvent,  promotes  the  union 
of  the  acid  and  alkali,  as  appears  from  a  violent  etter- 
vescence. 

2,  Spread  thinly,  on  a  piece  of  tinfoil,  three  or  four 
inches  square,  some  dry  nitrate  of  copper  *,  and  wrnp  it  up. 
No  eftect  will  follow.  Unfold  the  tinfoil,  and  haviup- 
5prlnkled  the  nitrate  of  copper  with  the  smallest  possible 
quantity  of  water,  wrap  the  tinfoil  up  {igain  as  quickly  as 
possible,  pressing  down  the  edges  closely.  Considerable 
heat,  attended  with  fumes,  Vv  ill  now  be  excited ;  and,  if 
the  experiment  has  been  dexterously  managed,  even  light 
will  be  evolved.  This  shovrs  that  nitrate  of  copper  has  no 
action  on  tin,  unless  in  a  state  of  solution. 

IX.  Bodies,  even  ivhen  in  a  state  of  solution,  do  not 
act  on  each  other  at  perceptible  distances  ;  in  other  words, 
contiguity  is  essential  to  the  action  of  chemical  aflinity. — 
Thus,  when  two  fluids  of  diiferent  specific  gi'avities,  and 
which  have  a  strong  affinity  for  each  other,  are  separated 
by  a  thin  stratum  of  a  third,  which  exerts  no  remarkable 
action  on  either,  no  combination  ensues  between  the  up- 
permost and  lowest  stratum.  Into  a  glass  jar,  or  deep  ale 
glass,  pour  two  ounce-measures  of  a  solution  of  sub- 
carbonate  of  potasli,  containing,  m  that  quantity,  two 
drachms  of  common  salt  of  tartar.  Under  this  introduce, 
very  caj"efully,  half  an  ounce-measure  of  water,  holding  in 
solution  a  drachm  of  common  salt ;  and  again,  under  both 
these,  two  ounce-measures  of  sulphuric  acid,  which  has 


*  To  prepare  nitrate  of  copper,  dissolve  the  filing*  or 
turning's  of  that  ruelal  in  a  mixture  of  one  part  nitrous  acid 
and  three  parts  water ;  decant  the  liquor  when  it  has  ceased 
to  emit  fumes;  and  evaporate  it  to  dryness,  in  a  copper  or 
earthen  diih.    The  dry  mass  must  be  kept  in  a  bottle. 
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been  diluted  witli  an  equal  weiglit  of  water,  and  allowed  to 
become  cool.  The  introduction  of  a  second  and  third 
liquid  beneath  the  first,  is  best  effected,  by  filling,  with 
the  liquid  to  be  introduced,  the  dropping  tube  fig.l5.  pi.  i., 
which  may  be  done  by  the  action  of  the  mouth.  The 
finger  is  then  pressed  on  the  upper  orifice  of  the  tube ; 
and  the  lower  orifice,  being  brought  to  the  bottom' of  the 
Vessel  cont^iining  the  liquid,  the  finger  is  withdrawn,  and 
the  liquid  descends  from  the  tube,  \\itl\out  mingling  with 
the  upper  stratum.  When  a  solution  of  caYbonate  of  pot- 
jish  is  thus  separated  from  diluted  sulphuric  acid,  for  which 
it  has  a  powerful  affinity,  by  tfce  intei*vention  of  a  thin 
stratum  of  brine,  the  two  fluids  will  remain  distinct  and  in- 
efficient on  each  other;  but,  on  stirring  the  mixture,  a 
violent  effervescence  ensues,  in  consequence  of  the  action 
of  the  sulphuric  acid  on  the  potash. 

X.  T7V0  bodies;  having  no  affinity  for  each  otheVy 
unite  hi)  the  intervention  of  a  third, — ITius,  the  oil  and 
water  which,  in  Experiment  I.,  could  not,  by  agitation,  be 
brought  into  union,  unite  immediately  on  adding  a  solution 
of  caustic  potash.  The  alkali,  in  tliis  case,  acts  as  an  inter- 
medium. The  fact,  indeed,  admits  of  being  explained  by 
the  supposition,  that  the  oil  and  alkali  form,  in  the  first  in- 
stance, a  compound  which  is  soluble  in  water. 

XI.  Saturation  and  neutralization  illustrated.—-' 
Water,  after  liaving  taken  up  as  much  common  salt  as  it 
can  dissolve,  is  said  to  be  saturated  with  salt.  Muriatic 
acid,  when  it  has  ceased  to  act  any  longer  on  lime,  is  said 
to  be  neutralized. 

XII.  The  properties  characterizing  bodies,  when  *e- 
jmrale^  are  deslroi/ed  by  chemical  combination,  and  neio 
jn'opcrties  appear  in  the  compou7id.'—ll\uii,  muriatic 
acid  and  lime,  whiob,  in  a  separate  state,  have  each  » 
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most  corrosive  taste,  lose  tliis  entirely  when  mutually  sa- 
turated ;  the  compound  is  extremely  soluble,  though  lime 
Itself  Is  very  difficult  of  solution ;  the  acid  no  longer  red- 
dens s}'rup  of  violets ;  nor  does  the  lime  change  it,  as  be- 
fore, to  green.  The  resulting  compound,  also,  muriate  of 
lime,  exhibits  new  properties.  It  has  an  intensely  bitter 
taste;  is  susceptible  of  a  crystallized  form;  and  the  crys- 
tals, when  mixed  with  snow  or  ice,  generate  a  degree'  of 
cold  sufficient  to  freeze  quicksilver. 

XIII.  Single  elective  aj/inlty  illustrated. — 1.  Add  to 
the  combination  of  oil  with  alkali,  formed  in  Experiment 
X.,  a  little  diluted  sulphuric  acid.  The  acid  will  seize 
the  alkali,  and  set  the  oil  at  liberty,  which  will  rise  to  the 
top.  In  this  instance,  the  affinity  of  allvaii  for  a,cid  i* 
greater  than  that  of  alkali  for  oil.  2.  To  a  dilute  solution 
of  muriate  of  lime  (prepared  in  Experin'Cnt  II.),  ad^  a 
little  of  the  solution  of  pure  potasli.  The  potash  will 
seize  the  muriatic  acid,  and  the  lime  will  fall  down,  or  be 
precipifatetl. 

XTV.  In  every  instance,  in  compaHng  the  affinities 
of  two  bodies  for  a  third,  a  weaker  ajjinity,  in  one  of 
the  two  compared,  ivill  he  found  to  be  compensated  by 
increasing  its  quantity. — It  is  not  easy  to  offer  clear  and 
unequivocal  examples  of  this  law,  and  such  as  the  stu- 
dent may  submit  to  the  test  of  experiment.  The  follow- 
ing, however,  may  illustrate  the  proposition  sufficiently: 
Mingle  together,  in  a  mortar,  one  part  of  muriate  of  soda 
(common  salt)  with  half  a  part  of  red  oxide  of  lead  (li- 
tharge, or  red  lead),  and  add  sufficient  water  to  form  a 
thin  paste.  The  oxide  of  lead,  on  examining  tlie  mixture 
after  twenty-four  hours,  will  be  found  not  to  have  detached 
tlie  muriatic  acid  from  the  soda ;  for  the  strong  taste  of 
that  alkali  v>  Ill  not  be  apparent.    Increase  the  weight  of  the 
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oxide  of  lead  to  three  or  four  times  that  of  the  salt;  and, 
after  the  same  interval,  the  mixture  will  exhibit,  by  its 
taste,  marks  of  uncombined  soda.  This  proves,  that  the 
larger  quantity  of  the  oxide  must  have  detached  a  con- 
siderable portion  of  muriatic  acid  from  the  soda,  though 
the  oxide  has  a  weaker  affinity  for  that  acid  than  the  soda 
possesses. 

XV.  Double  elective  affinity  exemjylijied. — In  a 
wateiy  solution  of  sulphate  of  zinc,  immerse  a  thin  sheet 
of  lead :  the  lead  will  remain  unaltered,  as  also  will  the 
sulphate  of  zinc,  because  zinc  attracts  sulphuric  acid  more 
strongly  than  lead.  But  let  a  solution  of  acetate  of  lead 
be  mixed  with  one  of  sulphate  of  zinc  :  the  lead  will  then 
go  over  to  the  sulphuric  acid,  while  the  zinc  passes  to  the 
acetic.  The  sulphate  of  lead,  being  insoluble,  will  fall 
down  in  the  state  of  a  white  powder;  but  the  acetate  of 
zinc  will  remain  in  solution.  Tlie  changes  that  occur  in 
this  experiment  will  be  better  understood  from  the  follo\V- 
jug  scheme : 


Acetate  of  Zinc 


Sulphate 
of 
Zinc 


Zinc 


Acetic  Acid 


Water 
atCO° 


Sulph'=  Acid 


Lead 


Acetate 
of 
Lead 


Sulphate  of  Lead 
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The  vertical  brackets  include  the  original  compounds, 
viz.  sulphate  of  zinc,  and  acetate  of  lead ;  and  the  hori- 
zontal line  and  bracket  point  out  the  new  ones,  viz.  acetate 
of  zinc  and  sulphate  of  lead.  By  the  upper  horizontal 
line,  it  is  denoted,  that  the  acetate  of  zinc  remains  in  solu- 
tion ;  and,  by  the  point  of  the  lower  bracket  being  di- 
rected downwards,  it  is  meant  to  express,  that  the  sulphate 
of  lead  falls  down,  or  is  precipitated. 
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SECTION  I. 

General  Observations  on  Heat. 

WHEN  we  apply  the  hand  to  a  body,  which  is  hotter  than 
itself,  we  are  sensible  of  a  peculiar  feeling,  which  we 
agree  to  call  the  sensation  of  heat.  At  the  same  time 
we  obseiTC,  in  almost  all  bodies  that  are  placed  in  the 
same  situation  with  the  hand,  certain  effects,  the  most  re- 
markable of  which  is  an  enlargement  of  their  dimensions. 
These  circumstances,  with  veiy  few  exceptions,  so  con- 
stantly accompany  each  other,  that  we  can  have  little  or 
no  hesitation  in  referring  them  to  one  and  the  same  cause. 
Of  the  nature  of  this  cause  we  have  no  satisfactory  evi^ 
dence ;  and  we  are  unable  to  demonstrate  either  that  it 
consists  in  any  general  quality  of  bodies,  or  that  it  resides 
in  a  distinct  and  peculiar  kind  of  matter.  Tlie  opinion, 
liowever,  M-hich  best  explains  the  phenomena,  is  that 
which  ascribes  them  to  an  extremely  subtile  fluid,  of  so 
refined  a  nature,  as  to  be  capable  of  insinuating  itself  be- 
tween the  particles  of  the  most  dense  and  solid  bodies, 
To  this  fluid,  as  well  as  to  the  sensation  which  it  excites, 
the  term  heat  was  formerly  applied.  But  there  was  an 
obvious  impropriety  in  confounding,  under  one  appella- 
tion, two  things  so  distinct  as  a  sensation  and  its  cause ;  and 
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the  term  caloric,  first  proposed  by  Lavoisier,  is  now,  there- 
fore, generally  adopted  to  denote  the  cause  of  heat.  Oc- 
casionally, however,  in  order  to  avoid  too  frequent  a  repe- 
tition of  the  same  word,  the  term  heat  is  still  employed  in 
.1  more  extensive  sense,  to  express  not  only  the  sensation 
which  it  usually  denotes,  but  also  some  of  the  modifica- 
tions of  caloric. 

Caloric,  so  far  as  its  chemical  agencies  are  concerned, 
may  be  chiefly  considered  under  two  views  —  as  an  an- 
tagonist to  the  cohesive  attraction  of  bodies  —  and  as  con- 
curring with,  and  increasing  elasticity.  By  removing  the 
particles  of  any  solid  to  a  greater  distance  from  each  other, 
their  cohesive  atti-action  is  diminished;  and  one  of  the 
principal  impediments  to  their  union  with  other  bodies 
is  overcome.  On  the  other  hand,  caloric  may  be  in- 
fused into  bodies  in  such  quantity,  as  not  only  to  overcome 
cohesion,  but  to  place  their  particles  beyond  the  sphere  of 
cliemical  affinity.  Tims,  in  the  class  of  substances  called 
gases,  the  ponderable  ingredient,  whether  solid  or  liquid, 
is  dissolved  in  so  much  caloric,  that  in  mechanical  proper- 
ties the  gases  agree  with  the  air  of  our  atmosphere,  and 
especially  in  being  permanently  elastic.  Different  bodies 
of  this  class  do  not  in  general  unite  by  simple  mixture. 
But  if,  of  two  gases,  we  employ  either  one  or  both  in  a 
state  of  great  condensation,  or  compress  their  particles 
nearer  to  each  other  by  any  means,  the  gravitating  matter 
of  each  unites,  and  forms  a  new  compound.  Thus  hydro- 
gen and  oxygen  gases  remain  together  in  a  state  of  mixtm^e, 
for  any  length  of  time,  without  combining;  but  if  we 
force  their  particles  into  a  state  of  contiguity  by  mecha- 
nical pressure,  they  unite  and  compose  water.  In  many 
cases,  also,  when  two  bodies  are  combined  together,  one 
of  which  is  fixed,  and  the  other  becomes  elastic  by  union 
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with  caloric,  we  are  able,  by  its  interposition  alone,  to^ 
effect  their  disunion.  Thus  carbonate  of  lime  gives  up  its 
carbonic  acid  by  the  mere  application  of  heat. 

We  may  consider,  then,  all  bodies  in  nature  as  subject 
to  tlie  action  of  two  opposite  forces,  the  mutual  attraction 
of  their  particles  on  the  one  hand,  and  the  repulsive 
power  of  caloric  on  the  other ;  and  bo(iies  exist  in  the 
solid,  liquid,  or  elastic  state,  as  one  or  the  other  of  these 
forces  prevails.  Water,  by  losing  caloric,  has  its  cohesion 
so  much  increased,  that  it  assumes  the  solid  form  of  ice ; 
adding  caloric,  we  diminish  again  its  cohesion,  and  render 
it  fluid  J  and,  finally,  by  a  still  farther  addition  of  caloric, 
vve  change  it  into  vapour,  and  give  it  so  much  elasticity, 
that  it  may  be  rendered  capable  of  bursting  the  strongest 
vessels.  In  many  liquids,  the  tendency  to  elasticity  is  even 
so  great,  that  they  pass  to  the  gaseous  form  by  the  mere 
removal  of  the  weight  of  the  atmosphere. 

Caloric,  like  all  other  bodies,  may  exist  in  two  different 
states,  in  a  state  of  freedom,  and  in  a  state,  either  of  com- 
bination or  of  something  nearly  resembling  it.  In  the 
former  state,  it  is  capable  of  exciting  the  sensation  of 
heat,  and  of  producing  expansion  in  other  bodies.  To 
this  modification  the  terms //  w  or  uncomhmed  caloric,  or 
caloric  of  temj)eraturc^  have  liecn  applied.  By  the  terra 
temperature  we  are  to  understand  the  state  of  a  body  rela- 
tively to  its  power  of  exciting  the  sensation  of  heat,  and 
occasioning  expansion ;  effects  which,  in  all  probability, 
bear  a  proportion  to  tlie  quantity  of  fj  ee  caloric  in  a  given 
space,  or  in  a  given  quantity  of  matter.  Thus  what  we 
call  a  high  temperature  may  be  ascribed  to  the  presence  of 
a  large  quantity  of  fjce  caloric ;  and  a  low  temperature  to 
that  of  a  small  quantity.  We  are  unacquainted,  however 
>vith  the  extremes  of  temperature  3  and  may  compare  it 
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to  a  chain,  of  which  a  few  middle  links  only  are  exposed 
to  our  observation. 

The  degree  of  expansion  produced  by  caloric,  it  will 
afterwards  appear,  bears  a  sufficient  proportion  to  its  quan- 
tity, to  afford  us  a  means  of  ascertaining  the  latter  with 
tolerable  accuracy.  In  estimating  temperature,  indeed, 
our  senses  are  extremely  imperfect ;  for  we  compare  our 
setisations  of  heat,  not  with  any  fixed  or  uniform  standard, 
but  with  those  seiisations,  of  which  we  have  had  immedi- 
ately previous  experience.  The  same  portion  of  water 
will  feel  warm  to  a  hand  removed  from  contact  with  snow, 
and  cold  to  another  hand,  which  has  been  heated  before 
the  fire.  To  convey,  therefore,  any  precise  notion  of 
temperature,  we  are  obliged  to  describe  the  degree  of  ex- 
pansion produced  in  some  one  body,  which  has  been  pre- 
viously agreed  upon  as  a  standard  of  comparison.  The 
standai'd  most  commonly  employed  is  a  quantity  of  quick- 
silver, contained  in  a  glass  ball,  which  terminates  in  a 
long  narrow  tube.  This  instrument,  called  a  thermometer, 
is  of  the  most  important  use  in  acquiring  and  recording 
our  knowledge  of  the  properties  and  laws  of  caloric.  The 
thermometer,  however,  it  must  be  obvious,  is  no  otherwise 
a  measure  of  the  quantity  of  caloric,  than  as  it  ascertains 
the  amount  of  one  of  its  principal  effects.  In  this  respect, 
it  stands  in  much  the  same  predicament  as  the  hygrometer, 
when  considered  as  a  mean  of  determining  the  moisture 
of  the  atmosphere.  This  last  instrument,  it  may  be  re- 
membered, is  composed  of  some  substance  (such  as  a  hair 
or  a  piece  of  whip-chord)  which  is  lengthened  by  a  moist 
atmosphere  and  contracted  by  a  dry  one ;  and  in  a  degree 
proportionate  to  the  moisture  or  dryness.  But  all  the  in- 
formation, which  the  hygrometer  gives  us,  is  the  degree  of 
jnoisture.  between  certain  points  that  form  the  extremities 
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of  its  scale ;  and  it  is  quite  incompetent  to  measure  the 
absolute  quantity  of  watery  vapour  in  the  air. 

In  explaining  tliose  properties  and  laws  of  caloric,  which 
have  become  known  to  us  by  means  of  the  thermometer, 
it  appeai-s  a  sufficiently  natural  division  of  the  subject  to 
describe,  Istly,  those  effects  which  caloric  produces,  with- 
out loosing  its  properties  of  exciting  the  sensation  of  heat 
and  occasioning  expansion; — and,  2dly,  those  agencies, 
in  which  its  characteristic  properties  ai"e  destroyed,  and 
in  which  it  ceases  to  be  cognizable  by  our  senses  or  by  the 
thc'Tiometer. 

The  EXPANSION  or  dilatation  of  bodies,  it  will  ap- 
pear^  is  almost  an  universal  effect  of  an  increase  of  tem- 
perature. Its  amount,  however,  is  not  the  same  in  all 
bodies,  but  differs  very  essentially.  By  the  same  increase 
of  temperature,  liquids  expand  more  than  solids,  and  aeri- 
form bodies -more  than  either.  ■  Nor  is  the  same  quantity 
of  expansion  effected  in  the  sa7ne  solid  or  liquid,  by  adding 
similai*  quantities  of  heat ;  for,  generally  speaking,  bodies 
expand  by  equal  increments  of  caloric,  more  in  high  than 
in  low  temperatures.  The  explanation  of  this  fiict  is,  that 
the  force  opposing  expansion  {viz.  cohesion)  is  diminished 
by  the  interposition  of  caloric  between  the  particles  of 
bodies ;  and,  therefore,  when  equal  quantities  of  caloric 
are  added  in  succession,  the  last  portions  meet  with  less 
resistance  to  their  expansive  force  than  the  first.  In  gases, 
which  are  destitute  of  cohesion,  equal  increments  of  heat 
appear,  on  the  contrary,  to  be  attended  with  precisely 
equal  augmentations  of  bulk. 

An  important  property  of  free  caloric,  the  knowledge  of 
which  has  been  acquired  by  means  of  the  thermometer,  is 
its  tendencij  to  an  equUihrmm.  When  a  lieated  ball  of 
iron  is  exposed  to  the  open  air,  the  caloric,  which  is  accu- 
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miilated  In  it,  flows  out ;  and  its  temperature  is  gradually 
reduced  to  that  of  the  suiTounding  medium.  This  is  owing 
to  two  distinct  causes :  the  air,  immediately  surrounding 
the  ball,  acquires  part  of  the  caloric  which  escapes ;  and, 
liaving  its  bulk  increased,  is  rendered  specifically  lighter 
and  ascends.  This  is  succeeded  by  a  cooler  and  heavier 
portion  of  air  from  above,  which,  in  its  turn,  is  (ixparrded 
and  carries  off  a  second  quantity  of  caloric'.  Jlence  a 
considerable  part  of  the  caloric,  which  is  lost  by  a  heated 
body,  is  conveyed  away  by  the  ambient  air.  But  the  re- 
frigeration cannot  be  wholly  explained  on  this  principle ; 
for  it  has  been  long  known  that  heated  bodies  cool,  though 
with  less  celerity,  under  the  exhausted  receiver  of  an  air 
pump,  and  even  in  a  Torricellian  vacuum. 

AVhcn  the  phenomena  accompanying  the  cooling  of 
bodies  are  accurately  examined,  it  is  found  that  a  part  of 
the  caloric,  which  escapes,  moves  through  the  atmosphere 
with  immetisurable  velocity.  In  an  experiment  of  iM, 
PIctet,  no  perceptible  interval  took  place  between  tlie  time 
at  which  caloric  quitted  a  heated  body,  and  its  reception 
by  a  thermometer  at  the  distiince  of  sixty-nine  feet.  It 
appears,  also,  to  move  with  equal  ease  in  all  directions,  and 
not  to  be  at  all  impeded  by  a  strong  current  of  air  meeting 
it  transversely.  Hence  it  follows  that  the  propagation  of 
caloric,  in  this  state  of  rapid  movement,  does  not  depend 
on  any  agency  of  the  medium  through  which  it  passes. 
Like  light,  it  appears  to  be  transmitted  in  parallel  rays ; 
and  it  has,  therefore,  under  this  modification,  been  called 

RADIANT  CALORIC. 

The  proportion  of  caloric,  lost  by  a  heated  body,  in 
these  two  different  ways,  may  be  approxiinated  by  observ- 
ing what  time  it  takes  to  cool  through  the  same  number  of 
degrees  in  air  and  in  vaciio.    By  experiments  of  thil 
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kind,  Dr.  Franklin  thought  he  liad  ascertained  that  a  body, 
which  requires  five  minutes  in  vacuo,  will  cool  in  air, 
through  the  same  number  of  degrees,  in  two  minutes. 
Count  Rjimford's  experiments  with  a  Torricellian  vacuum 
give  the  proportions  of  5  to  3.  It  will,  perhaps,  not  be 
very  remote  from  the  truth,  if  it  be  stated,  in  general 
terms,  that  one  half  of  the  caloric,  lost  by  a  heated  body, 
pscapes  by  radiation,  and  that  the  rest  is  carried  off  by  the 
ambient  atmosphere. 

The  radiation  of  caloric  appears  to  bear  a  proportion  to 
the  elevation  of  temperature  of  a  body  above  that  of  the 
surrounding  medium.  Hence  in  part  it  is,  that  a  heated 
body,  during  refrigeration,  loses  unequal  quantities  of 
caloric  in  equal  times.  The  series  appears  to  be  pretty 
nearly  a  geometrical  one.  Thus,  supposing  the  tempera- 
ture of  a  body  to  be  1000  degrees  above  the  surrounding 
inedium. 

In  the  first  minute  it  will  loose  -j-'o  of  its  heat  or  900* 
In  the  second  .....  t?o  of  the  remainder  =  90 
In  the  third   .    .    .    .    .    .    tV  of  10  .    .    .    .  =  9^ 

The  movement  of  caloric  by  radiation  occurs  only  in 
free  space,  or  through  transparent  media.  But  caloric  is 
capable,  also,  of  passing  through  dense  and  opake  bodies, 
though  with  prodigiously  impaired  velocity.  Thus  a  long 
bar  of  iron,  heated  at  one  end,  soon  becomes  hot  at  the 
otl>er.  This  property  in  bodies  has  been  called  their 
CONDUCTING  powERj  and  it  exists,  in  different  bodies,  in 
very  different  degrees.  It  is  not,  however,  found  to  bear  a 
proportion  to  any  other  quality  of  bodies. 

All  the  properties  of  caloric,  which  have  been  hitherto, 
described,  belong  to  it  when  in  a  free  or  uncpmbined 
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form;  for  it  continues  to  produce  tlie  sensation  of  heat 
and  to  expand  the  mercury  of  the  thermometer.  In  the 
instances  of  its  agency,  also,  that  have  been  mentioned,  no 
permanent  change  of  form  or  of  properties  is  effected  in 
the  bodies^  which  have  imbibed  caloric,  A  bar  of  iron, 
after  being  expanded  by  heat,  returns  on  cooling  to  the 
same  state  as  before,  and  exhibits  all  its  former  qualities. 
In  certain  c;ises,  however,  caloric  is  absorbed  by  bodies, 
jvith  the  loss  of  it$  distinguislung  properties.  It  can  then 
be  no  longer  discovered  by  our  senses  or  by  the  thermo- 
iXieter ;  and  it  produces  important  and  sometimes  perma- 
nent changes,  in  the  bodies  into  which  it  enters. 

Those  effects  of  caloric,  in  the  production  of  which  it 
loses  its  distinguishing  properties,  may  be  classed  under 
two  general  heads. 

I.  All  bodies,  in  passing  from  a  denser  to  a  rcrrer 
state,  absorb  caloric. — ^Thus  solids,  during  liquefaction, 
iipbibe  a  quantity  of  caloric,  which  ceases  to  be  apparent 
to  our  senses  or  to  the  thermometer ;  or,  as  it  has  been 
termed,  becomes  latent.  In  a  similar  manner,  solids  and 
liquids,  during  their  conversion  into  vapours  or  gases, 
render  latent  a  quantity  of  caloric,  which  is  essential  to 
the  elasticity  of  the  new  product.  In  common  language 
cold  is,  in  such  cases,  said  to  be  produced ;  but  by  the 
production  of  cold  we  are  to  understand,  in  philosophical 
language,  nothing  more  than  the  passage  of  caloric  from  a 
free  to  a  latent  form. 

II.  All  bodies,  by  an  increase  of  densiti/,  evolve  or 
give  out  caloric,  which  passes  from  a  latent  to  a  free 
state. — ^The  simplest  illustration  of  tlils  law  is  in  the  effect 
of  hauimoring  a  piece  of  metal,  which  may  tlius  be  in- 
tensely heated,  while  all  that  is  eftected  is  an  augmentation 
of  its  density.    Liquids  by  becoming*  solids,  or  gases  by 
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conversion  Into  liquids,  also,  evolve  caloric,  or  produce  an 
increiise  of  temperature.  A  pound  of  water  condensed 
from  steam  will  render  100  pounds  of  water  at  50* 
warmer  by  11°;  whereas  a  pound  of  boiling  water 
would  produce  the  same  rise  of  temperature  in  no  more 
than  about  13|  pounds.  Tliis  is  owing  to  the  much 
greater  quantity  of  caloric,  existing  in  a  pound  of  steam, 
than  in  a  pound  of  boiling  water,  though  steam  and  boil- 
ing water  affect  the  thermometer  in  precisely  the  same 
degree. 

It  is  a  question  which  has  excited  considerable  interest 
among  philosophers,  whether  caloric,  when  tlius  absorbed 
and  rendered  latent,  enters  into  chemical  combination,  or 
is  merely  united  by  the  same  kind  of  ties  as  that  portion  of 
caloric,  that  produces  the  temperature  of  bodies.  Does 
ice,  for  example,  when  changed  into  water,  form  a  che- 
mical union  with  calorie,  similar  to  that  wliich  exists  be- 
tween potash  and  sulphuric  acid  ?  Such  appears  to  have 
been  the  opinion  of  Dr.  Black,  who,  by  the  powers  of  an 
original  and  well  directed  genius,  discovered  the  greater 
number  of  those  facts,  that  form  the  groundwork  of  the 
theory  of  latent  heat.  The  resemblance,  however,  between 
chemical  union  and  the  disappearance  of  caloric,  which, 
on  first  view,  appears  extremely  striking,  will  be  found,  it 
must  be  confessed,  less  close  on  a  nearer  examination.  For 
caloric  may  be  made  to  quit  those  bodies,  into  which  it 
has  entered  with  the  loss  of  its  peculiar  properties,  merely 
by  reducing  their  temperature ;  whereas  chemical  com- 
binations in  general  cannot  be  destroyed,  except  by  th« 
interference  of  more  energetic  affinities. 

In  opposition  to  the  foregoing  theory,  it  has  been  con- 
tended that  the  absorption  of  caloric  by  bodies  is  a  conse- 
quence of  what  has  been  called  a  change  of  their  capaciti/. 
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Thus  ice,  it  is  supposed,  in  becoming  water,  has  its  capa- 
city for  caloric  increased,  and  the  absorption  of  caloric  is  a 
consequence  of  this  incieased  capacity.  The  theoiy,  liow- 
ever,  is  deficient,  inasmucli  as  it  tails  to  explain  what  is  the 
cause  of  that  change  of  form,  which  is  assumed  to  account 
for  the  increase  of  capacity.  Notwithstanding  this  ol)- 
vious  objection,  I  have  retained  the  term  capacity  to 
express,  in  the  abstract,  that  power,  by  which  bodies  aljsorb 
and  render  latent  difterent  quantities  of  caloric  3  or  the 
property  of  requiring  more  or  ler,3  caloric  for  raising  their 
temperature  an  equal  number  of  degrees.  The  absorption 
of  caloric,  then,  will  always  be  pu  ing  to  an  increase,  and 
its  evolution  to  a  decrease,  of  capacity.  Tlie  use  of  these 
terms  may  be  exemplified  by  a  slight  change  of  the  per- 
?picuous  language  of  Dr.  Crawford.  "  The  capacity  for 
containing  caloric,"  he  observes  {on  Heat,  page  8),  "  and 
.  the  absolute  caloric  contained,  are  distinguished  as  a  force 
from  the  subject  upon  which  it  operates.  When  we  speak 
of  the  capacity,  we  mean  a  power  inherent  in  the  heated 
tody ;  when  we  speak  of  the  ahsolutc  caloric,  we  mean  an 
unknown  principle,  which  is  retained  in  the  body  by  the 
possession  of  this  power ;  and  when  we  speak  of  the  tem- 
perature, we  consider  the  unknown  principle  as  producing 
certain  effects  upon  the  thermometer." 

As  the  capacities  of  bodies  determine  their  absolute 
quanatics  of  caloric,  it  seems  reasonable  to  conclude,  that 
if  we  can  ascertain  how  much  caloric  a  body  absorbs  or 
gives  out  in  changing  its  form,  and  in  what. proportion  its- 
capacity  is  at  the  same  time  altered,  we  may  deduce  the 
absolute  quantity  of  heat  which  it  contains.  Now  it  will 
be  afterwards  shown  that  the  heat,  evolved  by  water  in 
freezing,  is  equal  to  140°;  and  the  capacity  of  water  has 
beau  stated  to  bear  to  that  of  ice  the  proportion  of  10  to  9. 
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Water,  then,  in  becoming  ice,  must  give  out  ^i^th  of  its 
whole  caloric,  and  as  tliis  amounts  to  140°,  ten  times  140 
(or  1400°)  is  the  whole  quantity  of  caloric  in  water 
at  the  temperature  of  32°;  and  deducting  140  from  1400, 
we  have  12G0°  for  the  caloric  contained  in  the  ice 
itself.  This  method  of  determining  the  problem  appears, 
however,  to  me,  to  be  liable  to  several  objections,  which  it 
would  take  up  too  much  room  to  state  in  this  place,  and 
M'hich  I  have  elsewhere  urged  at  considerable  length*. 

These  general  obsen'ations  I  have  deemed  it  necessary 
to  make,  with  the  view  of  connecting  together  the  pro- 
positions respecting  caloric,  and  the  experiments  illustrating 
them,  that  form  the  subject  of  the  following  sections.  The 
inquiry  respecting  heat  is  one  which  presents  a  boundless 
field  for  interesting  speculation ;  and  it  would  have  been 
easy  to  have  extended  very  considerably  tlie  discussion  of 
its  nature  and  properties.  But  in  this  work,  I  have  no 
farther  object  than  to  lead  the  student,  by  easy  steps,  to  a 
knowledge  of  what  has  been  actually  determined  by  ex^ 
perimenT,  or  strictly  and  legitimately  deduced  from  it. 


SECTION  II. 

Illustrations  of  the  Effects  of  Free  Caloric. 

I.  Caloric  expands  all  bodies. — ^Tl^e  expansion  of  liquids 
is  shown  by  that  of  the  mercury  of  a  thermometer,  or  by  im- 
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mersing  in  hot  water  a  glass  mattras  (pi.  i.  fig.  4),  filled,  up 
to  a  mark  in  the  neck,  with  spirit  of  wine,  tinged  with  any 
colouring  substance.   The  spirit  expands  innnediately  when 
heated,  and  would  overflow  it"  not  placed  in  a  cooler  situation. 
The  degree  of  expansion  produced  in  diiFerent  liquids, 
by  similar  elevations  of  temperature,  varies  very  con- 
siderably.   Thus,  water  expands  much  more  than  mercury, 
and  alcohol  more  than  water.    This  difference  of  expansi- 
bility is  even  sulhciently  striking  to  appear  in  a  remarkable 
degree,  when  we  immerse,  in  water  heated  to  150°,  three 
equal  glass  vessels  of  the  shape  of  thermometer  tubes,  con- 
taining the  one  mercury,  tlie  other  water,  and  the  third 
spirit  of  wine.    The  spirit  will  begin  to  escape  from  the 
aperture  of  the  vessel,  before  the  mercury  has  ascended 
far  in  the  stem.    (See  a  table  of  the  expansion  of  liquids, 
in  the  Appendix.)    The  expansion  of  aeriform  bodies  is 
shown,  by  holding,  near  the  fire,  a  bladder  tilled  with  air, 
the  neck  of  which  is  closely  tied,  so  as  to  prevent  the  en- 
closed air  from  escaping.    Tlie  bladder  will  soon  be  fidly 
distended,  and  may  even  be  burst  by  continuing  and  in- 
creasing the  heat.    All  aeriform  bodies  undergo  the  same 
expansion  by  the  same  additions  of  heat,  or        P^rt  of 
their  bulk  for  each  degree  of  Fahrenheit's  thermometer, 
between  the  freezing  and  boiling  points.    Tlie  expansion 
of  solids  is  evinced,  by  heating  a  rod  of  iron,  of  such  a 
length  as  to  be  included,  when  cold,  between  two  points, 
and  the  diameter  of  which  is  such,  as  barely  to  allow  it  to 
pass  through  an  iron  ring.    When  heated,  it  will  have 
become  sensibly  longer;  and  it  will  be  found  incapable  of 
passing  through  the  ring.    Tliis  property  of  metals  has 
been  applied  to  the  construction  of  an  instrument  for 
measuring  temperature,  called  a  pyrometer,  a  neat  and 
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distinct  representation  of  which  is  given  in  the  first  volume 
of  "  Cliemical  Conversations." 

The  degree  of  expansion  is  not  the  same  for  all  solids, 
and  even  diflers  materially  in  substances  of  the  same  class, 
'llius,  the  metals  expand  in  the  following  order,  the  most 
expansible  being  placed  first;  zinc,  lead,  tin,  copper, 
bismuth,  iron,  steel,  antimony,  palladium,  platina.  (See. 
the  table  in  the  Appendix.) 

All  the  above  bodies  return  again,  on  cooling,  to  their 
former  dimensions. 

II.  Construction  of  the  thei'monieter  founded  on  the 
prbudple  of  expansion. — ^Tlie  thermometer  is  an  instru- 
ment of  so  much  importance,  that  it  may  be  expedient  to 
explain  the  constmction  of  tlie  different  kinds  which  are 
required  in  chemical  researches. 

The  instrument  employed  by  Sanctorio,  to  whom  the 
invention  of  the  thermometer  is  generally  ascribed,  was  of 
a  very  simple  kind,  and  measured  variations  of  temperature 
by  the  variable  expansion  of  a  confined  portion  of  air. 
To  prepue  tliis  instrument,  a  glass  tube  (pi.  i.  fig.  9) 
is  to  be  provided,  eighteen  inches  long,  open  at  one  end, 
and  blown  into  a  ball  at  the  other.  On  applying  a  warm 
band  to  the  ball,  the  included  air  expands,  and  a  portion 
is  expelled  through  the  open  end  of  the  tube.  In  this 
state,  the  aperture  is  quickly  immersed  in  a  cup  filled  with 
any  coloured  liquid,  which  ascends  into  the  lube,  as  the 
air  in  the  ball  contracts  by  cooling.  The  instrument  is 
now  prepared.  An  increase  of  tenq)crature  forces  the 
liquor  down  the  tube ;  and,  on  the  contiar)',  the  applica-^. 
tion  of  cold  causes  its  ascent.  These  effect^  may  be 
exhibited,  by  alternately  applyhig  the:  hand  to  the  ball, 
»nd  tlien  blowing  oa  It  with  a  pair  of  bellows.    By  the 
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application  of  a  graduat(?d  scale,  the  amount  of  the  ex- 
pansion may  he  measured. 

'J'iie  hall  of  tiie  ahove  instrument,  it  must  he  ohvlous, 
cannot  he  conveniently  applied  to  measure  tlie  tempera- 
ture of  liquids.    For  adapting  it  to  this  purpose,  a  slight 
variation  may  he  made  in  its  construction,  as  represented 
fig.  8,  a.    To  prepai-e  this  instrument,  a  small  spherical 
glass  vessel  is  to  he  ahout  one  6th  or  one  4th  filled  with 
any  coloured  liquid,    llie  tuhe,  open  at  both  ends,  is 
then  to  he  cemented  into  the  neck,  with  its  lower  aperture 
beneath  the  surface  of  the  fluid.  Ttie  expansion  of  the  in- 
cluded air  drives  the  liquid  up  the  stem,  to  which  we  may 
affix  a  graduated  scale,  corresponding  with  that  of  a  com- 
mon mercurial  thermometer.    Other  modifications  have 
also  been  made  by  different  philosophers.    One  of  tlie 
most  useful  and  simple  forms  is  represented  fig.  8,  h.  It 
consists  merely  of  a  tube  of  very  small  bore,  from  9  to  12 
inches  long,  at  one  end  of  which  is  blown  a  ball,  from  half 
an  inch  to  an  Inch  in  diameter,  which  is  afterwards  black- 
ened by  paint,  or  by  the  smoke  of  a  candle.    A  small  co- 
lumn of  coloured  liquid,  about  an  inch  in  length,  is  then 
introduced,  by  a  manipulation  similar  to  that  already  de- 
scribed.   To  fit  the  instrument  for  use,  this  column  ought 
to  be  stationary,  ahout  the  middle  of  the  tube,  at  the  conj- 
mon  temperature  of  the  atmosphere.    The  slightest  varia- 
tion of  temperature  occtisions  the  movement  of  the  co 
loured  liquid ;  and  a  scale  of  equal  parts  measures  the 
amount  of  the  effect. 

An  insuperable  objection,  however,  to  the  air  tliermo 
meter,  as  thus  constructed,  is,  that  it  is  affected,  not  only 
by  changes  of  temperature,  but  by  variations  of  atmospheric 
pressme.    Its  utility  consists  in  the  great  amount  of  the 
•xpansion  of  au",  which,  by  a  given  elevation  of  tempera- 
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ture,  is  increased  in  bulk  above  twenty  times  more  than 
mercury.  Hence  it  is  adapted  to  detect  minute  changes 
of  temperature,  whicii  the  mercurial  thermometer  would 
scarcely  discoA'er. 

An  important  modification  of  the  air  thermometer  has 
been  invented  by  Mr.  J-iCslie,  and  employed  by  him,  with 
great  advantage,  in  his  interesting  researches  respecting 
heat.  To  this  instrument  he  has  given  the  name  of,  the 
Differential  Thermometer.  Its  construction  is  as  follows : 
"  Two  glass  tubes  of  unequal  length,  each  terminating  in 
a  hollow  ball,  and  having  their  bores  somewhat  widened 
at  the  other  ends  (a  small  portion  of  sulphuric  acid,  tinged 
with  carmine,  being  introduced  into  the  ball  of  the  longer 
tube),  are  joined  together  by  tlie  flame  of  a  blow-pipe,  and 
afterwards  bent  nearly  into  the  shape  of  the  letter  U  (see 
fig.  7),  the  one  flexure  being  made  just  below  the  joining, 
where  the  small  cavity  facilitates  the  adjustment  of  the  in- 
strument. This,  by  a  little  dexterit)-,  is  performed,  by 
forcing,  witli  the  heat  of  the  hand,  a  few  minute  globules 
of  air  from  the  one  cavity  into  the  other.  The  balls  are 
blown  as  equal  as  the  eye  can  judge,  and  from  four  lOths  to 
seven  lOths  of  an  inch  diamcLer.  The  tubes  are  such  asare 
drawn  for  thermometers,  only  with  v/ider  bores ;  that  of 
the  short  one,  to  which  the  scale  is  affixed,  must  have  aa 
exact  calibre  of  a  50th,  or  a-  60th,  of  an  inch.  The  bore 
of  the  long  tube  need  not  be  so  regadar,  but  should  be 
visibly  larger,  as  the  coloured  liquid  will  then  move 
quicker  under  any  impression.  Each  leg  of  the  instrument 
is  from  three  to  six  inclies  in  height,  and  the  balls  are 
from  two  to  four  inches  apart. 

"  A  moment's  attention  to  the  construction  of  this  instru 
ment  will  satisfy  us,   that  it  is  affected  only  by  the 
dijf  'ei'ence  of  heat  in  the  corresponding  balls ;  and  is  calcu- 
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luted  to  measure  such  difference  with  peculiar  nicety.  As 
long  as  both  balls  are  of  the  same  temperature,  whatever 
this  may  be,  the  air  contained  in  both  will  have  the  same 
elasticity,  and,  consequently,  the  intercluded  coloured  li- 
quor, being  pressed  etjually  in  opposite  directions,  must 
remain  stationary.  But  if,  for  instance,  the  ball  which 
holds  a  portion  of  the  liquor  be  warmer  than  the  other, 
the  superior  elasticity  of  the  confined  air  will  drive  tlie 
liquid  Ibrv/ards,  and  make  it  rise,  in  the  opposite  branch, 
above  the  zero,  to  an  elevation  proportional  to  the  excess 
of  elasticity,  or  of  heat."  The  amount  of  the  eifect  is 
ascertained  by  a  graduated  scale,  the  interval  between 
freezing  and  boiling  being  distinguished  into  100  equal 
degrees.  This  instrument,  it  must  be  obvious,  cannot  be 
applied  to  meiisure  variations  in  th.e  temperature  of  the 
surrounding  atmosphere,  for  the  reason  already  assigned. 
It  is  peculiarly  adapted  to  ascertain  the  difference  of  the 
temperatures  of  two  contiguous  spots  in  the  same  atmo- 
sphere ;  for  example,  to  determine  the  heat  in  the  focus 
of  a  reflector. 

Thermometers,  filled  with  spirit  of  wine  (a  liquid  which 
has  not  been  congealed  by  any  degree  of  cold  hitherto 
produced),  are  best  adapted  to  the  measurement  of  very 
low  temperatures,  at  which  mercury  would  freeze.  The 
amount  of  the  expansion  of  alcohol,  also,  which  exceeds 
that  of  mercury  above  eight  times,  fits  it  for  ascertaining 
very  slight  variations  of  temperature.  But  it  cannot  be 
applied  to  measure  high  degrees  of  heat ;  because  the  con- 
version of  the  spirit  into  vapour  would  burst  the  instru- 
ment. 

The  fluid,  best  adapted  for  filling  thermometers,  is  mer- 
cury, which,  though  it  expands  less  in  amount  than  air,  or 
alcokol,  still  undergoes  this  change  to  a  sufficient  degree  j 
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and,  in  consequence  of  its  difficult  conversion  into  vapour, 
may  be  applied  to  the  admeasurement  of  more  elevated 
temperatures.  As  a  considerable  saving  of  expense  will 
accrue  to  the  experimentalist,  who  is  able  to  construct 
mercurial  thermometers,  I  shall  offer  some  rules  for  this 
purpose.  In  general,  however,  I  should  deem  it  prefera- 
ble merely  to  superintend  their  construction,  and  to  be  sa- 
tisfied, by  actual  inspection,  that  the  necessary  accuracy  is 
observed ;  because  much  time  must  be  unavoidably  lost,  in 
acquiring  the  manual  skill  which  is  essential  to  construct 
them  neatly. 

Thermometer  tubes  may  be  had  at  the  glass-house,  and 
©f  various  philosophical  instrument  makers.  In  purchasing 
them,  those  slKJuld  be  rejected  that  are  not  hermetically 
sealed  at  both  ends ;  because  tlie  smallest  condensation  of 
moisture,  which  must  take  place  when  air  is  freely  ad- 
mitted within  the  tube,  is  injurious  to  the  accuracy  of  the 
instrument.    A  small  bottle  of  elastic  gum  should  be  pro- 
vided, in  the  side  of  which  a  brass  valve  is  fixed,  or  a  piece 
of  brass  perforated  by  a  small  hole,  to  be  occasionally 
stopped  by  the  hand.  A  blow-pipe  is  also  an  essential  part 
of  the  apparatus ;  and,  in  addition  to  one  of  the  ordinary 
kind,  it  will  be  found  useful  to  have  one  which  is  supplied 
with  air  by  a  paii*  of  double  bellows^  worked  by  the 
foot. 

Before  proceeding  to  the  constmctlon  of  the  tliermomc- 
tcr,  it  is  necessary  to  ascertain,  that  the  tube  is  of  equal 
diameter  in  different  parts.  This  is  done,  by  breaking  off 
both  of  the  sealed  ends,  immersing  one  of  them  an  inch 
or  two  deep  in  clean  and  dry  mercury,  and  then  closing 
the  other  end  with  the  finger.  On  withdrawing  the  tube 
from  the  mercury,  a  small  column  of  that  fluid  remains  in 
it,  the  length  of  which  is  to  be  examined,  by  laying  the 
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tube  horizontally  on  a  graduated  ruler  *.  By  inclining  the 
tube,  this  column  may  be  gradually  moved  through  its 
wliole  Icngtli ;  and  if  the  tube  be  of  uniform  bore,  it  will 
measure  the  same  in  every  part.  Such  a  degree  of  per- 
fection, however,  is  scarcely  ever  to  be  observed  throughout 
tubes  of  considerable  length ;  but,  in  general,  a  portion  of 
the  tube  will  be  found  perfect,  of  sufficient  length  for  a 
thermometer,  and  this  part  is  to  be  broken  off. 

On  one  end  of  the  tube  let  the  neck  of  the  elastic  bottle 
be  firmly  tied ;  and  let  the  other  end  be  heated  })y  the 
flame  of  the  blow-pipe,  till  the  glass  softens.  The  softened 
part  must  then  be  pressed,  by  a  clean  piece  of  metal,  into 
the  form  of  a  rounded  button ;  and  to  this  the  flame  of 
the  lamp  must  be  steadily  applied,  till  it  acquires  a  white 
heat,  and  seems  about  to  enter  into  fusion.  To  prevent 
its  falling  on  one  side,  the  tube,  during  this  time,  must  be 
constantly  turned  round  by  the  hand.  Wlien  the  heated 
part  appears  perfectly  soft,  remove  it  quickly  from  the 
lamp,  and,  holding  the  tube  vertically,  with  the  elastic 
bottle  uppermost,  press  this  last  gently  with  the  hand. 
The  glass  will  be  blown  into  a  small  ball,  but  not  into  one 
sufficiently  tliin  for  the  purpose.  To  this  the  flame  of  the 
lamp  must  again  be  applied,  tiu*ning  it  quickly  round ;  and, 
on  a  second  or  third  repetition  of  the  process  of  blowing, 
the  ball  will  be  completely  formed.  Tlie  projx)rtion  of  the 
size  of  the  ball  to  the  bore  of  the  tube,  can  only  be  learned 
by  some  experience. 

To  fill  tlie  ball,  which  has  been  thus  formed,  with  mer- 
cury, the  air  must  first  be  expelled  by  holding  it  over  the 


*  If  the  tube  be  of  an  extremely  small  bore,  the  mercury 
will  not  enter,  and  must  be  drawn  Jn  by  the  action  of  tha 
elastic  bottle,  and  not  by  t'n-  mouth. 
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flame  of  an  Ai-gand's  lamp,  and  then  quickly  injmersin^ 
the  open  end  of  the  tube  in  very  cleaji  and  dry  quicksilver. 
As  the  ball  cools,  the  mercury  will  ascend,  and  will  partly 
fill  it.  Lei;  a  paper  funnel  be  tied  firmly  over  the  open 
end  of  the  tube ;  into  this  pour  a  small  portion  of  quick- 
silver, and  apply  the  heat  of  the  lamp  to  the  ball.  Any 
remaining  portion  of  air  will  thus  be  expelled ;  and  if  the 
heat  be  raised,  so  as  to  boil  the  mercuiy,  the  ball  and  stem 
will  be  filled  with  mercurial  vapour,  the  condensation  of 
which,  on  removing  tlie  ball  from  the  lamp,  will  occasion 
a  pretty  complete  vacuum.  Into  this  vacuum,  quicksilver 
will  descend  from  the  paper  cone  ;  and  the  instrument  will 
be  completely  filled.  But  for  the  purpose  of  a  thermo- 
meter, it  is  necessary  that  the  mercury  should  rise  only  to 
a  certain  height  of  the  stem  j  and  a  few  drops  may,  there- 
fore, be  expelled  by  cautiously  applying  the  lieat  of  the 
lamp.  To  estimate  whether  the  proper  quantity  of  quick- 
silver has  been  left  in  the  instrument,  immerse  the  ball 
first  in  ice-cold  water,  and  then  in  the  mouth,  llie  space 
between  these  two  points  will  comprise  fV3  degrees, .  or 
pretty  nearly  one  .^d  of  the  whole  space  between  the  freez- 
ing and  boiling  points  of  water.  If  the  empty  part  of  the 
tube  exceeds,  in  length,  about  three  times  the  portion 
thus  filled  by  the  expanded  quicksilver,  we  may  proceed 
(when  an  instrument  is  wanted  witli  a  scale  including  only 
from  S2^  to  212°)  to  seal  it  hermetically  :  which  is  done 
as  follows :  The  part  to  be  sealed  is  first  heated  with  the 
blow-pipe,  and  drawn  out  to  a  fine  capillary  tube ;  the 
bulb  is  then  heated,  till  a  few  particles  of  quicksilver  have 
fallen  from  the  top  of  the  tube :  at  tlus  moment,  the  flame 
of  another  candle  is  directed,  by  the  blow-pipe,  on  the 
capillary  part  of  the  tube,  the  candle  is  withdrawn  from 
the  bnll,  and  the  tube  is  sealed,  at  the  instant  when  the 
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mercury  begins  to  descend  If  this  operation  has  been 
skilfully  performed,  so  as  to  leave  no  air  in  the  tube,  the 
whole  of  the  tube  should  be  filled  \^'ith  quicksilver  on  hold- 
mg  the  instrument  with  the  ball  uppermost. 

To  have  very  large  degrees,  the  ball  must  beai*  a  consi- 
derable proportion  to  tlie  tube ;  but  this  extent  of  scale 
cannot  be  obtained  without  sacrificing,  in  some  measure, 
the  sensibility  of  the  instrument.  The  whole  of  the  pro- 
cess of  constructing  thermometers  neatly  and  accurately, 
is  connected  \,ith  the  possession  of  manual  skill,  which 
practice  only  can  confer ;  and  it  is  scarcely  possible,  with- 
out the  most  tedious  minutenes;?,  to  descril)e  all  the  ne- 
cessary precautions  and  manipulations.  These  will  readily 
suggest  themselves  to  a  person  who  caiTies  the  above  in- 
lit ructions  into  effect. 

In  graduating  thermometers,  the  first  step  consists  in 
taking  the  two  fixed  points.    The  freezing  point  is  ascer- 
tained, by  immersing,  in  thawing  snow  or  ice,  the  ball  and 
part  of  the  stem;  so  that  the  mercury,  when  stationary, 
shall  barely  appear  above  the  surface.    At  this  place  let  a 
mark  be  made  with  a  file.    In  taking  the  boiling  point, 
considerable  caution  is  requued ;  and,  for  reasons  which 
wHl  afterwards  be  stated,  attention  must  be  paid  to  the 
*tate  of  the  Iwometer,  the  height  of  which,  at  the  time, 
should  be  precisely  29.  8.    A  tin  vessel  is  to  be  provided, 
four  or  five  inches  longer  than  the  thermometer,  and  fur- 
nished with  a  cover,  in  which  are  two  holes.  Through 
one  of  these,  the  thermometer  stem  must  be  passed  (the 
bulb  being  within  the  vessel),  so  that  the  part  at  which 
the  boiling  point  is  expected,  may  be  just  in  sight.  Tlie 
other  hole  may  be  left  open;  and  the  cover  being  fixed 
in  its  place,  the  vessel,  containing  a  few  inches  of  water  at 
the  bottom,  is  to  .be  set  yu  the  fire.    The  thermometer 
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will  presently  be  wholly  surrounded  by  steam ;  and  whetl 
the  mercury  becomes  stationary  in  the  stem,  its  place  must 
be  marked.  The  scale  of  Fahrenheit  is  formed  by  trans- 
ferring the  intermediate  space  to  paper  by  a  pair  of  com- 
passes, and  dividing  it  into  1 80°,  the  lowest  being  called 
82°  and  the  highest  212°.  The  scale  of  other  countries, 
however,  differs  considerably;  but  these  variations  do  not 
prevent  the  comparison  of  observations  with  different  in- 
struments, when  the  freezing  and  boiling  points  of  water 
are  agreed  upon  as  fixed  data.  In  the  Appendix,  rules 
will  be  given  for  converting  the  degrees  of  other  scales  to 
that  of  Fahrenheit. 

III.  The  dilatations  and  contractions  of  the  fluid  in 
the  mercurial  thermometer,  are  nearly  jjroportional  to 
the  quantities  of  caloric,  which  are  coimnunicated  to  the 
same  hoynogeneous  bodies,  or  separated  from  them,  so 
long  as  they  retain  the  same  form. 

Thus  a  quantity  of  caloric,  required  to  raise  a  body  20* 
in  temperature,  by  the  mercurial  thermometer,  is  nearly 
double  that  which  is  required  to  raise  it  10°.  Hence  there 
appears  to  be  a  pretty  accurate  proportion  between  the 
increments  or  deci'ements  of  heat,  and  the  increments  and 
decrements  of  expansion  in  the  mercuiy  of  a  thermometer. 
On  this  principle,  if  eqxial  quantities  of  hot  and  cold  water 
be  mixed  together,  and  a  thermometer  be  immersed  in 
the  hot  water,  and  also  in  the  cold,  previously  to  the  mix- 
ture, the  instalment  should  point,  after  the  mixture,  to  the 
arithmetical  mean,  or  to  half  the  difference  of  the  separate 
heats,  added  to  the  less  or  subtracted  from  the  greater. 
Tliis  will  be  proved  to  be  actually  the  fact,  by  the  foUow- 
bg  experiment.  Mix  a  pound  of  water  at  172°  with  a 
pound  at  32°.  Half  the  excess  of  the  caloric  of  the  hot 
>vater,  will  pass  to  the  colder  portion;  that  is,  the  hot. 
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water  will  be  cooled  70°,  and  the  cold  will  receive  70°  of 
temperature;  therefore  172- 70,  or  32  +  70  =  102,  will 
give  the  heat  of  the  mixture.  To  attain  the  arltiimctical 
mean  exactly,  several  precautions  must  be  observed.  (See 
Crawford  on  Animal  Heat,  p.  95,  &c.) 

The  experiments  of  De  Luc,  however,  have  shown,  that 
the  ratio  of  expansion  does  not,  stricilt/,  keep  pace  w;th 
the  actual  increments  of  temperature;  and  that  the 
fimount  of  the  expansion  increases  witli  the  temperature. 
Thus  if  a  given  quantity  of  mercury,  in  being  heated  from 
32  to  122°,  the  first  half  of  the  scale,  be  expanded  14 
parts,  in  being  raised  from  122  to  212,  the  liigher  lialf,  it 
will  be  expanded  1 5  parts. 

From  the  enquiries  of  Mr.  Dalton,  it  appeal's  to  follow 
that  the  irregularity  of  the  expansion  of  mercury  is  con- 
siderably greater  than  has  been  stated  by  De  Luc.  By  the 
common  mercurial  thermometer,  we  cannot  ascertain  the 
true  rate  of  expansion  in  quicksilver ;  for  it  must  be  ob- 
vious that  the  expansion  of  the  glass  ball,  in  which  it  is 
contained,  must  considerably  affect  the  result.  If  its 
capacity  remained  unaltered,  we  should  then  be  able  to 
determine  the  actual  rate  of  expansion  ;  but  by  an  increase 
of  temperature  its  capacity  is  enlarged,  and  space  is  thus 
found,  within  the  ball,  for  the  expansion  of  that  mercury, 
which  would  otherwise  be  driven  into  the  tube.  By  know- 
ing tlie  rate  of  expansion  in  glass  itself  we  can  correct 
this  error;  but  a  small  error  in  this  datum  will  lead  us 
considerably  wrong  as  to  the  true  expansion  of  quicksilver, 
Tlie  real  expansion  of  mercury  in  glass  is  gi-eater  than 
the  (tpparent,  by  the  expansi<in  of  the  glass  itself. 

Making  due  correction  for  this  circumstance,  Mr, 
Dalton  has  been  led  to  conclude  from  his  experiments, 
iimt  notwithstanding  the  apparent  diversities  of  cxpansiou 
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in  different  fluids,  they  all  actually  expand  according  to  the 
same  law;  viz.  that  the  quantift/  of  ea-pansion  is  as  the 
square  of  the  temperature  from  their  respective  freediig 
points,  or  from  their  2ioints  of  greatest  density.  If  then 
a  thermometer  he  constructed,  with  degrees  conespondlng 
to  this  law,  they  will  be  found  to  differ  very  considerably 
from  tliose  of  the  common  mercurial  thermometer,  in 
which  the  space  between  freezing  and  boiling  is  divided 
into  180  equal  parts.  In  the  Appendix  will  be  found  a 
table  showing  the  correspondence  between  the  old  scale, 
and  the  new  one  constructed  on  Mr.  Dalton's  principle. 

iV.  URCombined  caloric  has  a  tendency  to  an  equili- 
brium.— Any  number  of  different  bodies,  at  various  tem- 
peratures, if  placed  under  similar  circumstances  of  expo- 
Sure,  all  acquire  a  common  temperature.  Thus,  if  in  an 
atmt>sphere  at  60°,  we  place  iron  filings  heated  to  redness, 
boihng  water,  water  at  32°,  and  vaiious  other  bodies  of 
different  temperatures,  they  ^\'ill  soon  affect  the  thermo- 
meter in  the  same  degiee.  The  same  equalization  of 
temperature  is  attained,  though  less  quickly,  when  a  heated 
body  is  placed  in  the  vacuum  of  an  air-pump.  The  rate 
of  cooling  in  air  is  to  that  in  vacuo,  the  temperatures  being 
equal,  nearly  as  five  to  two, 

II.  Motion  of  Free  Caloric. — 1.  Its  Radiation.-— ^2.  Its 
Passage  through  Solids  and  Fluids. 

Caloric  escapes  from  bodies  in  two  different  modes. — ; 
Pai't  of  it  finds  its  way  through  space,  independently  of 
Other  matter,  and  with  immeasurable  velocity.  In  this, 
fctate  it  has  been  called,  radiant  heat,  or  radiant  caloric. 

IIadiant  caloric  exhibits  several  interesting  proper^ 
ties. 
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1.  Its  reflectim.  (a)  Those  surtaces,  that  reflect  liglit 
most  perfectlj^,  are  not  equally  adapted  to  tlie  reflection  of 
caloric.  Tlius,  a  glass  mirror,  whicin  reflects  liglit  whh 
great  eftect  when  held  before  a  blazing  fij-c,  sccux-ely  re^ 
turns  any  heat,  and  the  mirror  itself  becomes  warm.  On 
the  contrary,  a  polished  plate  of  tin,  or  a  sih'er  spoon^ 
when  similarly  placed,  reflects,  to  the  hand,  a  very  sensible 
degi-ee  of  warmth;  and  the  metal  itself  remains  cool. 
jVietals,  therefore,  are  much  better  reflectors  than  glass ; 
and  they  possess  tliis  property,  exactly  according  to  their 
degree  of  polish. 

(h)  Caloric  is  reflected  according  to  the  same  law  that 
regulates  tlie  reflection  of  light.  This  is  proved  by  an  in- 
teresting  experiment  of  M.  Pictet;  the  means  of  re- 
peating which  may  be  attained  at  a  moderate  expense. 
Provide  two  tliin  reflectors  {a  and  b,  fig.  45),  which  may 
be  \2  inches  diameter,  and  segments  of  a  sphere  of  mm 
inches  radius.  Parabolic  mirrprs  are  still  better  adapted 
to  the  purpose  ;  but  their  construction  is  less  easy.  Each 
of  these  must  be  furnisiied,  on  its  convex  side,  with  the 
means  of  supporting  it  in  a  perpendleulai'  position  on  a 
proper  stand.  Place  the  mirrors  opposite  to  eacii  other  on 
a -table,  at  the  distance  of  from  six  to  12  feet.  In  the 
focus  of  one,  let  the  ball  of  an  air  therm oiner»:er,  or 
(which  is  still  better)  one  of  the  balls  of  a  dilferential 
thermometer,  be  situated ;  and  in  that  of  the  otiier,  sus^ 
pend  a  ball  of  iron,  about  four  ounces  in  v/eight,  and 
heated  below  ignition,  or  a  small  mattras  of  hot  water, 
having  previously  inter}wsed  a  screen  before  the  thermo- 
meter. Immediately  on  withdrav/ing  the  screen,  the  de- 
pression of  the  column  of  liquid,  in  the  air  thermometer, 
evinces  an  increa>e  of  temperature  in  the  instrument.  In 
this  experiment,  the  caloric  flows  fii-st  from  the  heatecj 
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ball  to  the  nearest  reflector ;  from  this  it  is  transmitted,  in 
parallel  rays,  to  the  surface  of  the  second  reflector,  by  which 
it  is  collected  into  a  focus  on  the  instrument.  This  is 
precisely  the  course  that  is  followed  by  radiant  light ;  for 
if  the  flame  of  a  taper  be  substituted  for  the  iron  ball,  the 
image  of  the  candle  will  appear  precisely  on  that  spot  (a 
sheet  of  paper  being  presented  for  its  reception)  where  the 
rays  of  caloric  were  before  concentrated. 

(c)  When  a  glass  vessel,  filled  with  ice  or  snow,  is  sub- 
stituted for  the  heated  ball,  the  course  of  the  coloured 
liquid  in  the  thermometer  will  be  precisely  in  the  opposite 
direction ;  for  its  ascent  will  show,  tliat  the  air  in  the  ball 
is  cooled  by  this  arrangement.  This  experiment,  which 
appears,  at  first  view,  to  indicate  the  reflection  of  cold, 
presents,  in  fact,  only  the  reflection  of  heat  in  an  opposite 
direction ;  the  ball  of  the  thermometer  being,  in  this  in- 
stance, the  hotter  body. 

{d}  In  Mr.  Leslie's  "  Enquiry  into  the  Nature,  &c.,  of 
Heat,"  a  variety  of  important  experiments  are  detailed, 
which  show  the  influence  of  covering  the  reflectors  with 
various  substances,  or  of  mechanically  changing  the 
nature  of  their  surfaces,  on  their  power  of  returning 
caloric. 

2.  Caloric  Is  refracted,  also,  according  to  the  same  lavr 
that  regulates  the  refraction  of  light.  This  interesting 
discovery  we  owe  to  Dr.  Hcrschell,  whose  experiments 
and  apparatus,  however,  cannot  be  understood  without  the 
assistance  of  a  plate.  For  this  reason,  I  refer  to  his  paper 
in  the  *)Oth  vol.  of  the  Philosophical  Transactions,  or  in 
the  7th  vol.  of  the  Philosophical  Magazine. 

3.  The  nature  of  the  surface  of  liodies  has  an  important 
influence  over  their  power  of  radiating  caloric. 

To  exhibit  this  influence  experimentally,  let  a  canister 
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of  planished  block  tin,  forming  a  cube  of  six  or  eight 
inches,  be  provided,  having  an  orifice  at  the  middle  of  it> 
upper  side,  from  half  an  inch  to  an  inch  diameter,  and  the 
same  in  height.  This  orifice  is  intended  to  receive  a  cap 
having  a  small  hole,  through  which  a  thermometer  is 
inserted,  so  that  its  bulb  may  reach  the  centre  of  tlie 
canister.  Let  one  side  of  the  canister  be  covered  with 
black  paint;  destroy  the  polish  of  another  si^de,  by  scratching 
it  with  sand  paper;  tarnish  a  third  with  quicksilver;  and 
leave  the  fourth  briglit,  llien  fill  the  vessel  with  boiling 
water.  The  radiation  of  caloric  from  the  blackened  side 
is  so  much  more  abundant  than  from  the  others,  as  to  be 
even  sensible  to  the  hand.  Place  it  before  a  reflector 
(fig.  45),  in  lieu  of  the  heated  iron  ball  already  described. 
The  thermometer,  in  the  focus  of  the  second  reflector,  will 
indicate  the  highest  temperature,  or  most  copious  radiation 
of  caloric,  when  the  blackened  side  is  presented  to  the 
reflector;  less  when  the  tarnished  or  scratched  side  is  turned 
towards  it ;  and  least  of  all  from  the  polished  side. 

4.  These  varieties  in  the  radiating  power  of  different 
surfaces,  are  attended,  as  might  be  expected,  with  corre- 
sponding variations  in  the  rate  of  cooling.  If  water  in  a 
tin  vessel,  all  of  w^hose  sides  are  polished,  cools  through  a 
given  number  of  degi'ees  in  eighty-one  minutes,  it  will 
descend  through  the  same  number  in  seventy-two  minutes, 
if  the  surface  be  tarnished  with  quicksilver.  Water,  also^ 
enclosed  in  a  clean  and  polished  tin  ball,  cools  about 
twice  more  slowly  than  water  in  the  same  ball  covered 
with  oiled  paper.  Blackening  the  surface  with  paint,  on 
the  same  principle,  accelerates  greatly  the  rate  of  cooling. 
ITiese  facts  teach  us,  that  vessels,  in  which  fluids  arc  to  be 
long  kept  hot,  should  have  their  surfaces  brightly  polished; 
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aiid  iliey  cxplciin,  among  other  things,  the  superiority  of 
metallic  toa-pots  over  those  of  earthen  ware. 

5.  Radiant  ealorie  is  absorbed  with  different  facility  hy 
diflerent  surfaees.  This  is  only  stating,  in  other  terms, 
that  surfaees  are  endowed  with  various  powers  of  reflecting 
caloric ;  since  the  power  of  absorbing  caloric  is  precisely 
opposite  to  that  of  reflecting  it.  Hence  the  best  reflectors 
of  heat  will  absorb  the  least.  It  may  be  proper,  however, 
to  ofler  some  illustrations  of  the  principle  under  tliis 
form. 

(a)  Expose  the  bulb  of  a  sensible  thermometer  to  the 
direct  rays  of  the  sun.  On  a  hot  summer's  day  it  will 
probably  rise,  in  this  climate,  to  108°.  (Watson's  Essays, 
V.  193.)  Cover  it  with  Indian  ink,  and  again  expose  it  in 
a  similar  mfw^icr.  During  the  evaporation  of  the  moisture 
it  will  fall;  but  as  soon  as  the  coating  becomes  dry,  it  will 
ascend  to  118°,  or  upwards,  of  Fahrenheit,  or  10°  higher 
than  when  uncovered  with  the  pigment.  This  cannot  be 
e;^plained,  by  supposing  that  the  black  coating  is  gifted 
with  tlie  power  of  retaining  caloric,  and  preventing  its 
escape ;  because,  from  experiments  already  related,  it 
ajTpears,  that  a  similar  coating  accelerates  the  cooling  of  a 
body  to  whicli  it  is  applied. 

{b)  Colour  has  considerable  influence  over  the  absorp- 
tion of  caloric.  This  is  shown  by  the  following  very  simple 
experiment  of  Dr.  Franklin. 

On  a  winter's  day,  when  the  ground  is  covered  with 
snow,  take  four  pieces  of  woollen  cloth,  of  equal  dimen- 
sions but  of  different  colours,  viz.  black,  blut,  brown,  and 
white,  and  lay  them  on  the  surface  of  the  snow,  in  the 
immediate  neighbourhood  of  each  other.  In  a  few  hours, 
the  black  cloth  will  have  sunk  considerably  below  the  sur- 
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face;  the  blue  almost  as  mucli;  the  brown  evidently  less; 
and  the  white  will  remain  precisely  in  its  former  situation. 
Thus  it  appears,  that  tlie  sun's  rays  are  absorbed  by  the 
dark  coloured  cloth,  and  excite  such  a  durable  heat,  as  to 
melt  the  snow  undernefith ;  ])ut  they  have  not  the  power 
of  penetrating  the  white.  Hence  the  |)reference,  generally 
given  to  dark  coloured  cloths  during  the  winter  season, 
and  to  light  coloured  ones  in  summer,  appears  to  be 
founded  on  reason. 

(c)  This  experiment  has  been  varied  by  Mr.  Dav}',  in 
a  manner  which  may  be  repeated  at  any  season  of  tlie  year. 
Take  six  similar  pieces  of  sheet  copper,  each  about  an  inch 
square,  and  colour  the  one  white,  another  yellow,  a  third 
red,  the  fourth  green,  the  fifth  blue,  and  the  sixth  black. 
On  the  centre  of  one  side  of  each  piece,  put  a  small  portion 
of  a  mixture  of  oil  and  wax,  or  cerate,  which  melts  at 
about  76°.  Tlien  expose  their  coloured  surfaces,  under 
precisely  equal  circumstances,  to  the  direct  rays  of  the 
sun.  The  cerate  on  the  black  plate  will  begin  to  melt 
perceptibly  before  the  red ;  the  blue  next ;  then  the  gi'ecn 
and  the  red;  and,  lastly,  the  yellow.  The  white  will 
scarcely  be  affected,  when  the  black  is  in  complete  fusion. 

Caloric  passes,  also,  but  much  more  slowly,  through 
solid  and  liquid  bodies,  which  are  then  termed,  conductors 
of  caloric. 

1.  Solid  bodies  convey  heat  in  all  directions,  upwards, 
downwards,  and  laterally ;  as  may  be  shown,  by  heating 
the  middle  of  an  iron  rod,  and  holding  it  in  different  di- 
rections. 

2.  Somebodies  conduct  caloric  much  more  quickly  than 
others.  Coat  two  rods,  of  equal  length  and  thickness,  the 
one  of  glass,  the  other  of  iron,  with  wax,  at  one  end  of 
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each  only;  and  then  aj)ply  heat  to  the  uncoated  ends, 
'flie  wax  will  be  melted  vastly  sooner  from  the  end  of  the 
iron  rod,  than  from  the  glass  one ;  which  shows,  that  iron 
conducts  heat  more  quickly  than  glass. 

Even  the  different  metals  possess  very  different  powers 
of  conducting  caloric.  An  approximation  to  the  degree 
in  which  they  possess  this  property,  may  be  attained  by  the 
following  method,  originally  employed  by  Dr.  Ingenhoiw. 
Procure  several  solid  cylinders,  or  rods,  of  the  same  size 
and  shape,  but  of  different  metals.  They  may  be  six 
inches  long,  and  one  4th  of  an  inch  in  diameter.  Coat 
them,  within  about  an  inch  of  one  end,  with  bees-wax,  by 
di[)ping  them  into  this  substance  when  melted,  and  allowing 
the  covering  to  congeal.  Let  an  iron  heater  be  provided, 
in  which  small  holes  have  been  drilled,  that  exactly  re- 
ceive the  clean  ends  of  the  cylinders.  After  heating  it 
below  ignition,  insert  the  cylinders  in  tlieir  places.  The 
conducting  power  may  be  estimated  by  the  length  of  wax 
coating  melted  from  each  in  a  given  time.  According  to 
the  experiments  of  Dr.  Ingenhouz,  the  metals  may  be  ar- 
ranged in  the  following  order :  Silver  possesses  the  highest 
conducting  power ;  next  gold ;  then  copper  and  tin,  which 
are  nearly  equal ;  and,  below  these,  platina,  iron,  steel,  and 
lead,  which  are  greatly  inferior  to  the  rest. 

It  is  chiefly  owing  to  the  different  conducting  powers  of 
bodies,  that  they  aflect  iis,  when  we  touch  them,  witli 
different  sensations  of  cold.  Thus,  if  we  apply  the  hand 
in  succession  to  a  number  of  bodies  (as  a  piece  of  wood, 
another  of  marble,  &c.),  they  appear  cold  in  very  different 
degrees.  And  as  this  sensation  is  occasioned  by  the 
passage  of  caloric,  out  of  the  hand  into  the  body  which  it 
touches,  that  body  will  feel  the  coldest,  which  carries  away 
heat  the  most  quickly ;  or  which,  ia  other  words,  is  the 
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best  conductor.  For  the  same  reason,  of  two  bodies  which 
lire  heated  to  the  same  degree,  and  both  considerably 
above  tlie  hand,  the  best  conductor  is  the  hottest  to  the 
touch.  Thus  the  money  in  our  pockets  often  feels  hotter 
than  the  clothes  which  contain  it. 

8.  Liquid  and  afiriform  bodies  convey  heat  on  a  different 
principle  from  that  observed  in  solids,  viz.  by  an  actual 
cliange  in  the  situation  of  their  particles.  That  portion, 
of  the  fluid,  wliich  is  nearest  to  the  source  of  heat,  is  ex- 
panded, and  becoming  specifically  lighter,  ascends,  and  is 
replaced  by  a  colder  portion  from  above.  This,  in  its  turn, 
becomes  heated  and  dilated,  and  gives  way  to  a  second 
colder  portion ;  and  thus  the  process  goes  on,  as  long  as  ^ 
the  fluid  is  capable  of  imbibing  heat. 

(a)  Take  a  glass  tube,  eight  or  10  inches  long,  and 
about  an  inch  in  diameter.  Pour  into  the  bottom  part, 
for  about  the  depth  of  an  inch,  a  little  water  tinged  with 
litmus,  and  then  fill  up  the  tube  with  common  water, 
pouring  on  the  latter  extremely  gently,  so  as  to  keep  the 
two  strata  quite  distinct.  If  the  upper  part  of  the  tube  be 
first  heated,  the  coloured  liquor  will  remain  at  the  bottom. 
But  if  the  tube  be  afterwards  heated  at  the  bottom,  the 
infusion  will  ascend,  and  will  tinge  the  whole  mass  of 
fluid. 

(b)  Into  a  cylindrical  glass  jar,  four  inches  diameter, 
and  12  or  14  deep,  let  a  circular  piece  of  ice  be 
fitted  3|  inches  thick,  and  of  rather  less  diameter  than  the 
jar.  Or  water  may  be  poured  into  the  jar  to  the  depth 
of  3|  inches,  and  allowed  to  congeal  by  exposure  to  a 
freezing  atmosphere,  or  by  surrounding  it  with  a  mixture 
of  snow  and  salt.  The  ice  is  to  be  secured  in  its  place  by 
two  slips  of  wood,  crossing  each  other  like  two  diameters 
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of  a  circle,  set  at  right  angles  to  each  other.  Pour,  ovef 
the  cake  of  ice,  water  of  32°  temperature,  to  the  depth  of 
two  inches ;  and  on  its  surface  let  there  float  a  shallovr 
circular  wooden  box,  perforated  with  holes.  From  the 
cock  of  a  tea-urn,  filled  with  boiling  water,  and  raised  so 
that  its  spout  may  be  above  the  top  of  the  jar,  suspend  a 
number  of  moistened  threads,  the  lower  ends  of  which 
must  rest  on  the  surface  of  the  box.  By  this  arrange- 
ment, when  the  cock  is  turned,  the  hot  water  will  trickle 
down  the  threads,  and  will  have  its  fall  considerably  broken. 
J$  will  then  spread  over  the  surliice  of  the  box,  and  pass 
through  the  perforated  holes  to  the  cold  water  beneath, 
over  which  it  will  float  without  mixing  with  it.  Let  the 
jar  be  tlras  completely  filled  with  hot  water.  Tlie  ice 
will  remain  unmelted  for  several  hours  at  the  bottom  of 
the  vessel. 

(f:)  Fill  a  similar  jai*  with  hot  water ;  and,  having  pro- 
vided a  cake  of  ice,  of  equal  size  with  the  former  one,  let 
it  be  placed  on  the  surface  of  the  water.  In  about  three 
minutes,  the  whole  will  be  melted.  Both  these  experi- 
ments are  more  striking,  if  the  water,  used  for  forming  ther 
eakes  of  ice,  be  previously  coloured  with  litmus ;  for,  in 
the  latter  experiment,  the  descending  currents  of  cold 
water  are  thus  made  apparent. 

(d)  These  experiments  may  be  varied,  by  freezing,  in 
the  bottom  of  a  tube  one  inch  wide,  a  portion  of  water, 
about  two  inches  in  depth.  Tlien  fill  the  tube  with  water 
of  the  common  temperature,  and  hold  it  inclined  over  an 
Argand's  lamp,  so  that  the  upper  portion  only  of  the  tube 
may  be  heated.  When  thus  disposed,  the  water  may  be 
made  to  boil  violently  at  the  surface,  and  yet  the  ice  will 
not  be  melted.    But  if  the  experiments  be  reversed,  and 
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{the  ice  floating  on  the  surface)  heat  be  applied  to  the 
bottom  of  the  tube,  the  ice  will  be  liquefied  in  a  few 
seconds. 

{e)  Substituting  water  of  the  temperature  of  41^  for 
tlie  boiling  water  used  in  experiment  (c),  Count  Rumford 
found,  that,  in  a  given  time,  a  much  greater  quantity  of 
ice  was  melted  by  the  cooler  water.  This  appears,  on  first 
view,  ratlier  })aradoxical.  Tiie  fact,  however,  is  explained 
by  a  remarkable  property  of  winter,  viz^  that  when  cooled 
below  40"  it  ceases  to  contract,  and  experiences,  on  the 
contrary,  an  enlargement  of  bulk.  Water,  therefore,  at 
40®  (at  the  bottom  of  which  is  a  mass  of  ice  at  32°),  is 
cooled  by  contact  with  the  ice,  and  is  expanded  at  the 
same  moment.  It  therefore  ascends,  and  is  replaced  by 
a  heavier  and  warmer  portion  from  above. 

It  is  a  consequence  of  the  same  property  that  the  surface 
of  a  deep  lake  is  sometimes  covered  with  ice,  even  when 
the  water  below  is  only  cooled  to  40° ;  for  the  superficial 
water  is  specifically  lighter  than  the  warmer  water  beneath 
it,  and  retains  its  place,  till  it  is  changed  into  ice.  This 
property  of  water  is  one  of  the  most  remarkable  exceptions 
to  the  law,  that  bodies  are  expanded  by  an  increase,  and 
contracted  by  a  diminution,  of  temperature. 

From  these  facts.  Count  Rumford  concluded,  that  water 
is  a  perfect  non-conductor  of  caloric,  and  that  it  propagates 
caloric  only  in  one  direction,  viz.  upwards,  in  consequence 
t)f  the  motions  which  it  occasions  among  the  particles  of 
the  fluid.  The  count  inferred  also,  that  if  these  motions 
could  be  suspended,  caloric  would  cease  to  pass  through 
water ;  and,  with  the  view  of  deciding  this  question,  he 
made  the  following  experiments,  which  admit  of  being 
easily  repeated.  A  cylindrical  tin  vessel  must  previously 
]t>e  provided,  two  inches  in  diameter,  and  2\  inches  deep^ 
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having  a  moveable  cover,  perforated  with  a  small  aperture, 
for  transmitting  the  stem  of  a  thermometer,  which  is  to  be 
inserted  so  that  its  bulb  may  occupy  the  centre  of  the 
vessel. 

(f)  Fill  this  vessel  with  water  of  the  temperature  of  the 
atmosphere ;  let  the  cover  be  put  in  its  place ;  and  let  the 
whole  apparatus,  except  the  scale  of  the  thermometei",  be 
immersed  in  water,  which  is  to  be  kept  boiling  over  a  lamp. 
Observe  liow  long  a  time  is  required  to  raise  the  water 
from  its  temperature  at  the  outset  to  180*^,  and  remove  it 
from  its  situation.  Note,  also,  how  long  it  takes  to  return 
to  its  former  temperature. 

(g)  Repeat  the  experiment,  having  previously  dissolved 
in  the  water  200  grains  of  common  starch.  The  thermo- 
meter will  now  require  about  half  as  long  again  to  arrive  at 
the  same  temperature.  A  similar  retardation,  and  to  a 
greater  amount,  is  produced  by  the  mixture  of  eider-down, 
«otton-wool,  and  various  other  substances,  which  are  not 
chemically  soluble  in  water,  and  which  can  diminish  its 
conducting  power  in  no  other  way  than  by  obstructing  the 
motion  of  its  particles. 

Hiis  inference,  however,  respecting  the  complete  non» 
conducting  power  of  water,  has  been  set  aside  by  the  subsd- 
quent  inquiries  of  Dr.  Thomson  and  Mr.  Murray,  especially 
by  a  most  decisive  experiment  of  the  latter.  To^  establish 
the  conducting  power  of  water,  it  was  justly  deemed  indis- 
pensable, that  caloric  should  be  proved  to  be  propagated 
through  that  fluid  downwards.  This,  on  actual  trial,  it 
appeared  to  be  j  but  it  was  objected,  that  the  sides  of  the 
containing  vessel  might  be  the  conductor.  To  obviate  this 
objection,  Mr.  Murray  contrived  to  congeal  water  into  the 
form  of  a  jar  capable  of  holding  liquids.  Tliis  was  sepa^ 
rately  filled  with  linseed  oil  and  with  mercury.    At  « 
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proper  distance  below  the  surface,  the  bulb  of  a  thermo- 
meter was  placed ;  and  on  the  surface  of  the  liquid  rested 
a  flat  iron  vessel,  containing  boiling  water.  Under  these 
circumstances,  the  thermometer  invariably  rose;  and 
though  it  ascended  only  a  very  few  degrees,  yet  it  must  be 
recollected,  that  the  cooling  power  of  the  sides  of  the  vessel 
would  effectually  prevent  any  considerable  elevation  of 
temperature.  Tliis  experiment,  in  conjunction  with 
others,  decisively  proves,  that  water  is  a  conductor,  though 
a  slow  or  imperfect  one,  of  caloric. 


SECTION  III. 

Caloric  the  Cause  of  Fluidity. 

I.  The  tempei'ature  of  melting  mow,  or  of  thawing 
ice,  is  uniformly  the  same  at  all  times,  and  in  all 
places. — This  may  be  asceitained  by  the  thermometer, 
which  will  always,  when  immersed  In  liquefying  ice  or 
snow,  point  to  32°  of  Falirenheit,  whatsoever  may  be  the 
height  of  tlie  barometer,  or  the  elevation,  above  the  sea, 
of  the  place  where  the  experiment  is  made.  (Shuckburgh, 
Philosophical  Transactions,  Ixix.) 

II.  The  sensible  heat,  or  temperature  of  ice,  is  not 
changed  by  liquefaction. — A  thermometer  in  pounded  ice 
stands  at  32°,  and  at  the  very  same  point  in  the  water 
which  results  from  the  liquefaction  of  ice. 

III.  Yet  ice,  during  liquefaction,  must  absorb  much 
caloric.  —  Expose  a  pound  of  water  at  32°,  and  a  pound  of 
ice  at  32°,  in  a  room,  the  temperature  of  which  is  several 
degrees  above  the  freezing  point,  and  uniformly  the  same 
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during  the  experiment.  The  water  will  arrive  at  the  tem- 
perature of  the  room,  several  hours  before  the  ice  is 
melted ;  and  the  melted  ice  will  have,  as  before  its  lique-. 
faction,  the  temperature  of  32°.  Yet  the  ice  must,  during 
the  whole  of  this  time,  have  been  imbibing  caloric,  because 
(according  to  Experiment  IV.  §  1.)  a  colder  body  can 
never  be  in  contact  with  a  wanner  one,  without  receiving 
caloric  from  it.  The  caloric,  therefore,  which  has  entered, 
the  ice,  but  is  not  to  be  found  in  it  by  the  thermometer,  is 
said  to  have  become  latent.  As  it  is  the  cause  of  the  li-. 
quefaction  of  the  ice,  it  is  sometimes  called  caloric  of 
Jiuidity, 

IV.  The  qitaniity  of  caloric  that  enters  into  a i^ound 
of  ice,  and  becomes  latent,  during  liqiief  action,  may  be 
learned  by  experiment. — ^To  a  pound  of  water,  at  172",. 
add  a  pound  of  ice  at  32°.  The  temperature  will  not  be 
the  arithmetical  mean  (102°),  but  much  below  it,  viz.  32°. 
All  the  excess  of  caloric  in  the  hot  water  has  therefore  dis- 
appeared. From  172°  take  32°;  the  remainder,  140°,, 
shows  the  quantity  of  caloric  that  enters  into  a  pound  of 
ice  during  liquefaction;  that  Is,  as  much  caloric  is  ab- 
sorbed by  a  pound  of  ice,  during  its  conversion  into  water, 
as  would  raise  a  pound  of  water  from  32°  to  172°. 

It  is  from  the  property  of  its  uniformly  absorbing  the 
same  quantity  of  caloric  for  conversion  into  wa,ter,  lliat  ice 
has  be?n  ingeniously  applied,  by  Lavoisier  and  Laplace,  to 
the  admeasurement  of  the  heat,  evolved  in  certain  opera- 
tions. Let  us  suppose  the  body  (from  which  the  caloric, 
evolved  either  by  simple  cooling  or  combustion,  is  to  be 
measured)  to  be  inclosed  in  a  hollow  sphere  of  ice,  with 
an  opening  at  the  bottom.  When  thus  placed,  the  heat, 
which  is  given  out,  will  be  all  employed  in  melting  the 
^ce ;  and  will  produce  this  effect  in  direct  proportion  to  it% 
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quantity.  Hence  the  quantity  of  ice,  which  is  converted 
into  water,  will  be  an  accurate  measure  of  the  caloric,  that 
is  separated  from  the  body  submitted  to  experiment.  In 
tliis  way,  Lavoisier  ascertained  that  equal  weights  of  diffe- 
rent combustible  bodies  melt,  by  burning,  very  different 
weights  of  ice.  The  apparatus  which  he  employed  for  this 
purpose,  he  has  called  the  calorimeter.  Its  construction 
can  scarcely  be  understood  without  the  plate,  which  ac- 
companies the  description  in  his  "  Elements  of  Chemistry." 

V.  Other  examples  of  the  absorption  of  caloi  ic,  during 
the  liquefaction  of  bodies,  are  furnished  by  the  mixture 
of  snow  and  nitric  acid,  or  of  snow  and  common  salt,  both 
of  which,  in  common  language,  produce  intense  cold*. 

1 .  Dilute  a  portion  of  nitric  acid  with  an  equal  weight 
of  water ;  and,  when  the  mixture  has  cooled,  add  to  it  a 
quantity  of  light  fresh-fallen  snow.  On  immersing  the 
thermometer  in  the  mixture,  a  very  considerable  reduction 
of  temperature  will  be  observed.  This  is  owing  to  the 
absorption,  and  inthnate  fixation,  of  the  fi'ee  caloric  of  the 
mixture,  by  the  liquefying  snow. 

2.  Mix  quickly  together  equal  weights  of  fresh-fallen 
snow  at  32°,  and  of  common  salt  cooled,  by  exposure  to  a 
freezing  atmosphere,  down  to  32°.  Tlie  two  solid  bodies, 
on  admixture,  will  rapidly  liquefy ;  and  the  thermometer 
will  sink  32°,  or  to  0 ;  or,  according  to  Sir  C.  Blagden,  to  4° 
lower.  (Philosophical Transactions,  Ixxviii.  281 .)  To  under- 
stand this  experiment,  it  must  be  recollected,  that  the  snow 
and  salt,  though  at  the  freezing  temperature  of  water,  have 
each  a  considerable  portion  of  uncombined  caloric.  Now, 


*  The  extraordinary  powers  of  muriate  of  lime  and  snoWa 
generating  cold,  will  be  described  hereafter. 
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salt  has  a  strong  affinity  for  water ;  but  the  union  cannot 
take  place  while  the  water  continues  solid.  In  order, 
therefore,  to  act  on  the  salt,  the  snow  absorbs  all  the  free 
caloric  required  for  its  liquefaction ;  and  during  thli 
change,  the  free  caloric,  both  of  the  snow  and  of  the  salt, 
amounting  to  32°,  becomes  latent,  and  is  concealed  in  the 
solution.  This  solution  remains  in  a  liquid  state  at  0,  or  4'' 
below  0  of  Fahrenheit ;  but  if  a  gi-eater  degree  of  cold  be 
applied  to  it,  the  salt  separates  in  a  concrete  form. 

3.  Most  neutral  salts,  also,  during  solution  in  water,  ab- 
sorb much  caloric ;  and  the  cold,  thus  generated,  is  so  in- 
tense as  to  freeze  water,  and  even  to  congeal  mercury. 
The  former  experiment,  however  {viz.  the  congelation  of 
water),  may  easily  be  repeated  on  a  summer's  day.  Add 
to  32  draclims  of  water,  1 1  drachms  of  muriate  of  ammo- 
nia, 10  of  nitrate  of  potash,  and  16'  of  sulphate  of  soda,  all 
finely  powdered.  The  salts  may  be  dissolved  separately,  in 
the  order  set  down.  A  thermometer,  put  into  the  solution, 
will  show,  that  the  cold  produced  is  at  or  below  freezing  j 
and  a  little  water,  in  a  thin  glass  mbe,  being  immersed  in 
the  solution,  will  be  frozen  in  a  few  minutes.  Various 
other  freezing  mixtures  are  described  in  Mr.  Walker's  pa- 
pers in  the  Philosophical  Transactions  for  1787,  88,  89, 
95,  and  1801.  Of  these  the  table,  given  in  the  Appendix, 
for  which  I  am  indebted  to  the  obliging  communication  of 
the  author,  contains  an  arranged  abstract, 

4.  Muriate  of  lime,  when  mixed  with  snow,  produces  a 
most  intense  degree  of  cold.  This  property  was  disco- 
vered some  years  ago  by  M.  Lovitz,  of  St.  Pctersburgh,  and 
has  been  since  applied,  in  this  country,  to  the  congelation 
of  mercury  on  a  very  extensive  scale.  The  proportions 
which  answer  best,  are  about  equal  weights  of  the  salt 
finely  powdered,  and  of  fresh-fallen  and  light  snow,  0» 
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mixing  these  together,  and  immei'sing  a  thermometer  in 
the  mixture,  the  mercury  sinks  with  great  rapidity.  For 
measuring  exactly  the  cold  produced,  a  spirit-therinometer, 
graduated  to  50°  below  0  of  Fuhrenlieit,  or  still  lower, 
sliould  be  employed.  A  few  pounds  of  the  salt  arc  sufli- 
cient  to  congeal  a  large  mass  of  mercury.  By  means  of 
13  pounds  of  the  muriate,  and  an  equal  weight  of  snow, 
Messrs.  Pepys  and  Allen  froze  56  pounds  of  quicksilver 
into  a  solid  mass.  The  mixture  of  the  whole  quantity  of 
salt  and  snow,  however,  was  not  made  at  once,  but  part 
w  as  expended  in  cooling  tlie  materials  themselves. 

On  a  small  scale  it  may  be  sufficient  to  employ  two  or 
three  pounds  of  the  salt.  Let  a  few  ounces  of  mercury, 
in  a  very  thin  glass  retort,  be  immei-sed,  first  in  a  mixture 
of  one  pound  of  each ;  and,  when  this  has  ceased  to  act, 
let  another  similar  mixture  be  prepared.  The  second  will 
never  fail  to  congeal  the  quicksilver. 

In  plate  iv.  fig.  42,  a  very  simple  and  cheap  apparatus  is 
represented,  which  I  have  generally  employed  to  freeze 
mercur>'.  Tlie  dimensions  will  be  given  in  the  descrip- 
tion of  the  plates.    (See  Appendix.) 

The  salt  thus  expended  may  be  again  evaporated,  and 
crystallized  for  future  experiments. 

The  reader,  who  wislies  for  farther  particulars  respect- 
ing these  experiments,  is  referred  to  the  Philosophical 
Magazine,  vol.  iii.  p.  76. 

VI.  On  the  contrary,  liquids,  in  becoming  solid,  evolve 
or  give  out  caloric,  or,  in  common  language,  jyroduce 
heat. 

1 .  Water,  if  kept  perfectly  free  from  agitation,  may  be 
cooled  down  several  degrees  below  32° ;  but,  on  shaking 
it,  it  immediately  congeals,  and  the  temperature  rise? 
ito  3^° 
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2.  Expose  to  the  atmosphere,  wlicn  at  a  temperature 
below  freezing  (for  example,  at  25°  of  Fahrenheit),  two 
equal  quantities  of  water,  in  one  only  of  whieh  about  a 
fourth  of  its  weight  of  common  salt  has  been  dissolved. 
The  saline  solution  will  be  gradually  cooled,  without  freez- 
ing, to  25°.    The  pure  water  will  gradually  descend  to  32°, 
and  will  there  remain  stationary  a  considerable  time  before 
it  congeals.     Yet  while  thus  stationary,  it  cannot  be 
doubted,  tliat  tlie  pure  water  is  yielding  caloric  to  the  at- 
mosphere, equally  with  the  sahne  solution ;  for  it  is  im- 
possible that  a  warmer  body  can  be  surrounded  by  a 
cooler  one,  without  imparting  caloric  to  the  latter.  The 
reason  of  this  equable  temjierature  is  well  explained  by  Dr. 
Crawford.  [On  Heaty  p.  80.)    Water,  he  observes,  during 
freezing,  is  acted  upon  by  two  opposite  powers  :  it  is  de- 
prived of  caloric  by  exposure  to  a  medium,  whose  tem- 
perature is  below  32° ;  and  it  is  supplied  with  caloric,  by 
the  evolution  of  that  principle  from  itself,  viz.  of  that  por- 
tion whieh  constituted  its  fluidity.    As  these  powers  are 
exactly  equal,  the  temperature  of  the  water  must  remain 
unchanged,  till  the  caloric  of  fluidity  is  all  evolved. 

3.  The  evolution  of  caloric,  during  the  congelation  of 
v/ater,  is  well  illustrated  by  the  following  experiment  of 
Dr.  Crawford: — Into  a  round  tin  vessel  put  a  pound  of 
powdered  ice;  sun'ound  this  by  a  mixture  of  snow  and 
salt  in  a  larger  vessel ;  and  stir  the  ice  in  the  inner  one, 
till  its  temperature  is  reduced  to  -\-  4°  of  Fahrenheit.  To 
the  ice  thus  cooled,  add  a  pound  of  water  at  32°.  One 
5th  of  this  will  be  frozen  ;  and  the  temperature  of  the  ice 
will  rise  from  4°  to  32°.  In  this  instance,  the  caloric, 
evolved  by  the  congelation  of  one  5th  of  a  pound  of  watery 
raises  the  temperature  of  a  pound  of  ice  28°. 

4,  If  we  dissolve  sulphate  of  soda  in  water,  in  ike  pyot?. 


8JECT.  IV.  CALORIC    OF    VAPOUR.  139 


portion  of  one  part  to  five,  and  surround  the  solution  by 
a  freezing  mixture,  it  cools  gi-adually  down  to  31°.  The 
salt,  at  this  point,  begins  to  be  deposited,  and  stops  the 
cooling  entirely.  This  evolution  of  caloric,  during  the 
separation  of  a  salt,  is  exactly  the  reverse  of  what  happens 
during  its  solution.  (Blagden,  Philosophical  Trimsactions, 
Ixxvili.  290.) 

5.  To  a  saturated  solution  of  sulphate  of  potash  in  w^ater, 
or  of  any  salt  that  is  insoluble  in  alcohol,  add  an  equal 
measure  of  alcohol.  The  alcohol,  attracting  the  water 
more  strongly  than  the  salt  retains  it,  precipitates  the  salt, 
&jid  considerable  heat  is  produced. 


SECTION  IV. 

Caloric  the  Cause  of  Vapour. 

I.  Ever}/  liquid,  ivhm  of  the  same  degree  of  chemical 
purity,  and,  under  equal  circumstances  of  atmospheric 
pressure,  has  onejjeculiar  point  of  temperature,  at  which 
it  invariably  boils. — ^Thus,  pure  water  always  boils  at 
212^,  alcohol  at  17G°,  and  etlier  at  98°  Fahrenheit ;  and, 
wlien  once  brought  to  the  boiling  point,  no  liquid  can  be 
made  hotter,  however  long  the  application  of  heat  be  con- 
tinued. The  boiling  point  of  water  may  be  readily  ascer- 
tained, by  immersing  a  thermometer  in  water  boiling  over  the 
fire.  As  there  is  some  danger  in  applying  heat  directly  to  a 
vessel  containing  either  ether  or  alcohol,  tlic  ebullition  of 
these  fluids  may  be  shown,  by  immersing  the  vessel  conn 
taining  them  in  water,  the  temperature  of  which  may  bQ 
£fa.lually  raised.    The  appearance  of  boiling  is  owin^  tQ 
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the  formation  of  vapour  at  the  bottom  of  the  vessel,  and 
its  escape  tlirough  the  heated  fluid  above  it.  Tliat  the 
steam,  which  escapes,  is  actually  formed  at  the  bottom, 
and  not  at  the  top  of  the  water,  may  be  seen  by  boiling 
some  water  in  a  Florence  flask,  or  other  transparent  vessel, 
over  an  Argand's  lamp.  The  bubbles  of  vapour  will  all 
ascend  from  the  bottom  of  the  vessel. 

II.  Steam  has  exactly  the  same  temperature  as  Jjoiling 
water. — Let  a  tin  vessel  be  provided,  having  two  holes  in 
its  cover,  one  of  which  is  just  large  enough  to  admit  the 
stem  of  a  thermometer.  Fill  it  partly  witli  water,  and  let 
tlie  bulb  of  the  thermometer  be  an  inch  or  two  above  the 
surface  of  the  water,  leaving  the  other  aperture  open  for 
the  escape  of  vapour.  When  the  water  boils,  the  tlier- 
mometer,  surrounded  by  steam,  will  rise  to  212°,  which  is 
precisely  the  temperature  of  the  water  beneath  :  yet  water, 
placed  on  a  fire,  continues  to  receive  heat,  very  abund- 
antly, even  when  boiling  hot ;  and  as  this  heat  is  not  ap- 
preciable by  the  thermometer,  it  must  exist  in  the  steam, 
in  a  latent  state. 

Perfectly  formed  steam  is  entirely  invisible.  We  may 
satisfy  ourselves  of  this  by  boiling  strongly  a  small  quan- 
tity of  water  in  a  flask;  for  complete  transparency  will 
exist  in  the  upper  part  of  the  vessel.  It  is  only  when  it 
begins  to  be  condensed,  that  steam  becomes  visible.  We 
have  a  proof  also,  of  the  same  fact  in  the  thick  fogs,  which 
are  produced  by  a  sudden  transition  from  warm  to  cold 
weather;  the  vapour,  which  was  imperceptible  at  the 
higher  temperature,  being  condensed  and  rendered  visible 
by  the  lower. 

III.  The  hoiling  point  of  the  same  fluid  varies,  under 
dijf  event  degrees  of  atmospheric  pressure. — ^Thus,  water, 
which  has  been  removed  from  the  fire,  and  ceased  ta 
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boil,  has  its  ebullition  renewed,  when  it  is  placed  under 
a  receiver,  the  air  of  which  is  quickly  exhausted  by  an  air 
pump.  Alcohol  and  ether,  confined  under  an  exhausted 
receiver,  boil  violently  at  the  temperature  of  the  atmo- 
sphere. In  general,  liquids  boil  in  vacuo,  with  about  140° 
less  of  heat,  than  are  re(|uired  under  a  mean  pressure  of 
the  atmosphere.  (Black's  Lectures,  i.  151.)  Even  the 
ordinary  variations  in  the  weight  of  the  air,  as  measured  by 
the  barometer,  arc  sufficient  to  make  a  difference  in 
the  boiling  point  of  water  of  about  5°  between  the 
two  extremes*.  On  ascending  considerable  heights,  as  to 
the  tops  of  mountains,  the  boiling  point  of  water  gradually 
falls  on  the  scale  of  the  thermometer.  Thus  on  the  sum- 
mit of  Mount  Blanc,  water  was  found  by  Saussure  tp  boil  at 
187°  Fahrenheit. 

Tlie  influence  of  a  diminished  pressure  in  facilitating 
ebullition,  may  be  inferred  also  from  the  following  veiy 
simple  experiment :  Place,  over  a  lamp,  a  Florence  flask, 
about  three  4ths  filled  with  water;  let  it  boil  briskly 
during  a  few  minutes;  and,  immediately  on  removing  it 
from  the  lamp,  cork  it  tightly,  and  suddenly  invert  it. 
The  water  will  now  cease  to  boil;  but,  on  cooling  the 
convex  part  of  the  flask  by  a  stream  of  cold  water,  the 
boiling  will  be  renewed.  Appl}ing  boiling  water  from 
the  spout  of  a  tea-kettle  to  the  same  part  of  the  flask,  the 
water  will  again  cease  to  boil.  This  renewal  of  the  ebulli- 
tion, by  the  application  of  cold  (an  apparent  paradox),  Is 
owing  to  the  formation  of  an  imperfect  vacuum  over  the 
hot  water,  by  the  condensation  of  steam ;  and  the  suspen- 
sion of  the  boiling,  on  re-applying  the  heat,  to  the  renewed 


*  Sir  G.  Shuckburgh,  in  Philosophical  Transactions,  Ixxix. 
375. 
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pressure  on  the  surface  of  the  hot  water,  occasioned  by  the 
formation  of  fresh  steam. 

From  these  facts,  it  may  be  inferred,  that  tlie  particles 
of  caloric  arc  mutually  repulsive,  and  that  they  commu- 
nicate this  repulsive  tendency  to  other  bodies  in  wiiich 
caloric  is  contained.  This  repulsive  power  tends  to 
change  solids  into  fluids,  and  liquids  into  aeriform  bodies, 
and  is  chiefly  counteracted  by  the  pressure  of  the  atmo- 
sphere. 

Were  this  counteracting  cause  removed,  many  bodies, 
which  at  present  have  a  liquid  form,  would  cease  to  be 
such,  and  would  be  changed  into  a  gaseous  state.  Pre- 
cisely the  same  effect,  therefore,  results  from  the  preva- 
lence of  either  of  these  forces.  Add  to  certain  liquids  a 
quantity  of  caloric,  in  other  words,  place  them  in  a  high 
temperature,  and  they  are  immediately  converted  into 
gases:  or, their  temperature  remaining  the  same,  diminish, 
the  weight  of  the  atmosphere ;  and  the  caloric,  which  they 
naturally  contain,  exerts  its  repulsive  tendency  with  equal 
effect,  and  they  are  in  like  manner  converted  into  gases. 
These  facts  are  best  shown  by  tlie  following  experiments 
on  ether : 

1.  Ether,  at  the  temperature  of  104%  exists  in  the  state 
of  a  gas.  This  may  be  shown  by  filling  a  jar  with  water 
of  this  temperature,  and  inverting  it  in  a  vessel  of  the 
same.  Then  introduce  a  little  ether,  hy  means  of  a  small 
glass  tube  closed  at  one  end.  The  ether  will  rise  to  the 
top  of  the  jar,  and,  in  its  ascent,  will  be  changed  into  gasj 
filling  the  whole  jar  with  a  transparent  invisible  elastic 
fluid.  On  permitting  the  water  to  cool,  the  ethereal  gas  is 
condensed,  and  the  inverted  jar  again  becomes  filled  with 
water. 

2.  Ether  is  changed  into  gas  by  dlmimshing  the  weigl^ 
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of  the  atmosphei'e.  Into  a  glass  tube,  about  six  inches 
long,  and  half  an  inch  in  diameter,  put  a  tea-spoonful  of 
ether,  and  fill  up  the  tube  with  water ;  then,  pressing  tlie 
thumb  on  tlie  open  end  of  the  tube,  place  it,  inverted,  in 
a  jar  of  water.  Let  the  whole  be  set  under  the  receiver  of 
an  air  pump,  and  the  air  exhausted.  Hie  ether  will  be 
clianged  into  gas,  which  will  expel  the  water  entirely  from 
the  tube.  On  re-admitting  the  air  into  the  receiver,  the 
gas  is  again  condensed  into  a  liquid  form. 

IV.  On  the  contrary^  hy  considerably  mcreasing  the 
pressure,  water  may  be  heated  to  above  400°  Fahrenheit, 
without  being  changed  into  vapour. — ^This  experiment 
requires,  for  its  performance,  a  strong  iron  vessel,  called  a 
Papin's  digcstor,  a  plate  of  which  mciy  be  seen  in  Gren's 
Chemistry.  That  the  boiling  point  of  water,  and  the  tem- 
perature of  steam,  are  raised  by  an  increased  pressure,  may 
be  shown,  however,  by  means  of  the  small  boiler,  repre- 
sented plate  V.  fig.  46,  which  will  be  found  extremely 
useful  in  experiments  on  this  subject.  Its  precise  size, 
and  directions  for  its  construction,  will  be  given  in  the 
Appendix. 

On  the  cock  c  may  be  screwed,  occasionally,  a  valve, 
loaded  in  the  proportion  of  14  pounds  to  the  square 
inch.  The  boiler  being  rather  more  than  half  filled  with 
water,  and  the  perforated  cap  d  being  screwed  into  its 
place,  the  ball  of  the  thermometer  will  be  an  inch  or 
more  above  the  surface  of  the  water,  and  will  indicate  its 
temperature,  as  well  as  tliat  of  the  steam,  both  being,  ne^ 
cessarily,  in  all  cases,  precisely  the  same.  Allowing  the 
steam  to  escape  through  the  cock  c,  before  aflixing  the 
valve,  the  temperature  of  the  steam,  under  a  mean  atmo- 
spheric pressure,  will  be  212°.  When  an  additional  atmo- 
fpheie  is  added  by  the  weighted  valve,  it  will  rise  to  above 
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240° ;  by  a  valve  twice  as  Iicavy  as  the  first,  or  loaded  in 
the  proportion  of  28  pounds  to  the  square  inch,  the  tem- 
perature of  the  steam  will  be  raised  to  nearly  270°.  This 
is  as  far  as  it  is  safe  to  carry  the  experiment ;  but  by  sub- 
stituting a  strong  iron  vessel,  the  numbers  have  been  ob- 
tained, which  will  be  found  in  the  form  of  a  table,  in  the 
Appendix. 

V.  27ie  absorption  of  caloric,  during  evaporafiorty 
shown  hy  experiment. — ^Moisten  a  thermometer  with 
alcohol,  or  with  ether,  and  expose  it  to  the  air,  repeating 
these  operations  alternately.  The  mercury  of  the  ther- 
mometer will  sink  at  each  exposure,  because  the  volatile 
liquor,  during  evaporation,  j  obs  it  of  its  heat.  In  this  way 
(especially  with  the  aid  of  an  apparatus  described  by  Mr. 
Cavallo,  in  the  Philosophical  Transactions,  1781,  p.  509), 
water  may  be  frozen  in  a  thin  and  small  glass  ball,  by 
means  of  ether.  The  same  effect  may  be  obtained,  also, 
by  immersing  a  tube,  containing  water  at  the  bottom,  in 
a  glass  of  ether,  which  is  to  be  placed  under  tlie  receiver 
of  an  air  pump  ;  or  the  ether  may  be  allowed  to  float  on 
the  surface  of  the  water.  During  the  exhaustion  of  the 
vessel,  the  ether  will  evaporate  rapidly ;  and,  robbing  the 
water  of  heat,  will  completely  freeze  it;  thus  exhibiting 
the  singular  spectacle  of  two  fluids  in  contact  with  each 
other,  one  of  which  is  in  the  act  of  boiling,  and  the  otlier 
of  freezing,  at  the  same  moment. 

VI.  The  fixation  of  caloric  in  water,  hy  its  conversion 
into  steam,  may  he  shown  by  thefolloiving  exjjeriments : 
— 1.  Let  a  pound  of  water  at  212°,  and  eight  pounds  of 
fa-on  filings  at  300°,  be  suddenly  mixed  together.  A  large 
quantity  of  vapour  will  be  instantly  generated ;  and  the 
temperature  of  the  mbvture  will  be  only  212°;  but  that 
of  the  vapour  produced,  is  also  aot  more  thaii  212°;  and 
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the  steam  must  tliorcfore  contain,  in  a  latent  or  comljincd 
form,  all  the  caloric  which  I'aised  the  temperature  of  eight 
pounds  of  iron  filings  from  212*  to  300°. 

2.  'JHie  quantity  of  ctdoric,  which  thus  becomes  latent 
during  the  formation  of  steam,  may  he  approximated,  by 
repeating  the  following  experiment  of  Dr.  Black :  He 
placed  two  cylindrical  flat  bottomed  vessels  of  tin,  five 
inches  in  diameter,  and  containing  a  small  quantity  of 
water  at  50°,  on  a  red  hot  iron  plate,  of  the  kind  used  in 
kitchens.  In  four  minutes  the  water  began  to  boil,  and 
in  twenty  minutes  the  whole  wtis  boiled  away.  In  four 
minutes,  therefore,  the  water  received  162°  of  tempera- 
ture, or  40|°  in  each  minute.  If  we  suppose,  therefore, 
that  the  heat  continues  to  enter  the  water  at  the  same 
rate,  during  the  whole  ebullition,  we  must  conclude  that 
40^°  X  20°  =  810"*  have  entered  the  water,  and  are  con- 
tained in  the  vapour. 

It  has  been  found  by  experiment  that  75  pounds  of 
Newcastle  coal,  or  100  pounds  of  coal  of  medium  quality, 
applied  in  the  best  manner,  are  required  for  the  vaporiza- 
tion of  12  cubic  feet,  or  about  89|-  wine  gallons,  of 
water.  A  pound  of  coal,  on  the  average,  may  be  consi- 
dered as  equivalent  to  convert  a  gallon  of  water  into  vapour. 

VII.  IFatery  hy  conversion  into  steam^  has  its  bulk 
prodigiousli/  enlarged,  viz.  according  to  Mr.  Watl^ s  ex' 
pemnents,  about  1800  times. — A  cubic  inch  of  water  (or 
252  grains)  occupies,  tl'crefore,  when  converted  into 
steam,  the  space  of  rather  more  tlian  a  cubic  foot.  Hence 
its  specific  gravity,  under  the  ordinary  pressure  of  the  air, 
is  to  tliat  of  common  air,  nearly  as  450  to  1000. 

Vin.  On  the  contrary^  vapours,  during  their  conver- 
sion into  a  liquid  fonn,  evolve,  or  give  out,  much  caloric, 
•i-rThe  heat  given  out,  by  the  condensation  of  steam,  is 
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i-endered  apparent  by  the  following  experiment :  Mix  100 
gallons  of  water  at  50",  with  1  gallon  of  water  at  212*. 
The  temperature  of  the  water  will  be  raised  about  1|". 
Condense  by  a  common  still-tub,  1  gallon  of  water,  from 
the  state  of  steam,  by  100  gallons  of  water,  at  the  tem- 
perature of  50°.  Tlie  water  will  be  raised  1 1°.  Hence, 
1  gallon  of  water,  condensed  from  steam,  raises  the  tem- 
perature of  100  gallons  of  cold  water  9^°  more  than  1 
gallon  of  boiling  water ;  and,  by  an  easy  calculation,  it 
appears,  that  the  caloric  imparted  to  tlie  100  gallons  of 
cold  water  by  8  pounds  of  steam,  if  it  could  be  condensed 
in  1  gallon  of  water,  would  raise  it  to  950°.  (Black's 
lectures,  i.  16'9.) 

For  exhibiting  the  same  fact,  by  means  of  a  small  ap- 
paratus, which  may  be  placed  on  a  table,  and  with  tlie 
assistance  only  of  a  lamp,  the  boiler  already  described  (fig. 
46)  will  be  found  extremely  well  adapted.  The  right 
angled  pipe  e  must  be  screwed,  however,  into  its  place, 
and  must  be  made  to  terminate  at  the  bottom  of  a  jar,  con- 
taining a  known  quantity  of  water  of  a  given  temperature. 
This  conducting  pipe  and  the  jar  should  be  wrapped 
round  with  a  few  folds  of  flaimel.  The  apparatus  being, 
tlius  disposed,  let  the  water  in  the  boiler  be  heated  by  an 
Argand's  lamp,  witli  double  concentric  wicks,  till  steam 
issues  in  considerable  quantity  through  the  cock  c,  which 
is  then  to  be  closed.  The  steam  will  now  pass  through 
the  right  angk'd  pipe  into  the  water  contained  in  the  jar, 
which  will  condense  the  steam,  and  will  have  its  tempera- 
ture veiy  considerably  raised.  Ascertain  the  augmenta- 
tion of  temperature  and  weight  j  and  the  result  will  show, 
how  much  a  given  weight  of  water  has  had  its  temperature 
raised  by  a  certain  weight  of  condensed  steam.  To  an-*, 
ether  quantity  of  water,  equal,  in  weight  and  temperature 
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to  tliat  contained  in  the  jar  at  the  outset  of  the  experi- 
ment, add  a  quantity  of  water  at  212'^,  equal  in  weight  to 
the  condensed  steam ;  it  will  be  found,  on  comparison  of 
tlie  two  resulting  temperatures,  that  a  given  weight  of 
steam  has  produced,  by  its  condensation,  a  much  greater 
elevation  of  temperature,  than  the  same  quantity  of  boil- 
ing water.  This  will  be  better  understood  by  the  follow- 
irig  example,  taken  from  actual  experiment : 

Into  eight  ounces  of  water,  at  50°  Fahrenheit,  contained 
in  the  glass  jar,  fig.  46,  steam  was  passed  from  the 
boiler,  till  the  temperature  of  the  water  in  the  jar  rose  to 
173°.  On  weighing  the  water,  it  was  found  to  have 
gained  8|  drachms  j  that  is,  precisely  8^  dracbms  of  steam 
had  been*condensed,  and  had  imparted  its  heat  to  the 
water. — To  facilitate  the  explanati<jn  of  this  experiment, 
it  is  necessary  to  premise  the  following  remarks. 

To  measure  the  wliole  quantities  of  calori(f  contained  in 
different  bodies,  is  a  problem  in  chemistry  which  has  not 
yet  been  solved.  But  the  quantities  of  caloi-ic,  added  to, 
or  subtracted  from,  different  bodies  (setting  out  from  a 
given  temperature)  may,  in  many  cases,  be  measured  and 
compiued  with  considerable  accuracy.  Thus^  if,  as  has 
been  already  stated,  two  pounds  of  water  at  1 20°  be  mixed 
with  two  |X)und3  at  60°>  dialf  the  excess  of  caloric  in  the 
hot  water  will  pass  to  the  colder  portion ;  that  is,  the  hot 
water  will  be  cooled  30°,  and  the  cold  will  receive  30°  of 
temperature ;  and  if  the  experiment  be  conducted  with 
proper  precautions,  90°,  the  arithmetical  mean  of  the 
temperature  of  the  separate  pait  ,  will  be  the  temperature 
of  the  mixture.  If  three  pounds  of  water  at  100°  be  mixed 
with  one  pound  at  60°,  we  shall  have  the  same  quantity  of 
heat  as  before,  viz.  fow  pounds  at  90°.    Hence,  if  the 


148 


OF   HEAT   OR   CALORIC.  CHAP.  III. 


quantity  of  water  be  multiplied  by  the  temperature,  the 
product  will  be  a  comparative  measure  of  the  quantity  of 
caloric  which  the  water  contains,  exceeding  the  zero  of  the 
thermometer  employed. 

Thus,  in  the  last  example, 

S  X  100  =  300  =  tlie  caloricaboi-e  zero  in  the  first  portion. 
1  X    60  =  60  =  the  caloric  above  zero  in  the  second  do. 

The  sum,   360  =  the  caloric  above  zero  in  the  mixture. 
Dividing  360  by  4,  the  whole  quantity  of  water,  we  ob- 
tain 90°,  the  temperature  of  the  mixture. 

nils  method  of  computation  may  be  convei^ently  ap- 
plied to  a  variety  of  cases.  Thus,  "in  the  foregoing  expe- 
riment, 8^  drachms  of  steam  at  212°,  added  to  64  drachms 
of  water  at  5©°,  produced  72^  drachms  of  water  at  173°. 
Now, 


72|  X  173  =  125421  =  whole  heat  of  the  mixture. 

...  cy^.f^f.       C heat  of  64  drachms, 'cne  of 

•4    X    50  =  3200  = 

L    the  component  parts. 

t^34  o  I  _  [  ^^^^^    ^2  drachms,  the  otlier 
*      1    component  part. 

Therefore  9342|  divided  by  =  10J)i>,  should  have 
been  the  temperature  of  the  latter  portion  {viz.  8^ 
drachms),  had  none  of  its  heat  been  latent :  and  1099— 
212  =  887  gives  the  latent  heat  of  the  steam.  This  result 
does  not  difler  more  than  might  be  expected,  owing  to  the 
unavoidable,  inaccuracies  of  the  experiment,  from  Mr, 
Watt's  determination,  which  states  the  latent  heat  of  stean\ 
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at  900°,  or  from  that  to  950°  (Black's  Lectures,  i.  174.) 
Lavoisier,  with  the  aid  of  the  calorimeter,  makes  it  1000' 
or  a  little  more.    (Ibid.  1/5.) 

IX.  The  same  tueight  of  steam  contains^  whatever 
may  be  its  density,  the  same  quantity  of  caloric ;  its 
latent  heat  being  increased  in  exact  proportion  as  its 
sensible  heat  is  diminished;  atid  the  reverse. — This 
principle,  though  scarcely  admitting  of  illustration  by  any 
easy  experiment,  is  one  of  considerable  importance ;  and 
an  ignorance  of  it  has  been  the  occasion  of  many  fniitless 
attempts  to  improve  the  economy  of  fuel  in  the  steam 
engine.  The  fact,  so  far  as  respects  steam  of  lower  den- 
sity than  tliat  of  30  inches  of  mercury,  was  long  ago  de- 
termined tfSperimentaUy  by  Mr.  Watt.  (Black,  i.  190.) 
As  the  boiling  point  of  liquids  i»  known  to  be  considerably 
reduced  under  a  diminished  pressure,  it  seemed  reasonable 
to  suspect  that,  under  these  circumstances,  steam  might  be 
obtained  from  them  with  a  less  expenditure  of  heat. 
Water,  Mr.  Watt  found,  might  easily  be  distilled  in  vacuo 
when  in  the  temperature  of  only  70°  Fahrenheit.  But,  by 
condensing  steam  formed  at  this  temperature,  and  observ- 
ing the  quantity  of  heat  which  it  communicated  to  a  given 
weight  of  water,  he  determined  that  its  latent  heat,  instead 
of  being  only  950°  was  between  1200°  and  1300°. 

The  same  principle  may  be  explained,  also,  by  the  fol- 
lowing illustration,  which  was  suggested  to  me  by  Mr. 
Ewart.  Let  us  suppose  tliat  in  a  cylinder,  furnished  with 
a  piston,  we  have  a  certain  quantity  of  steam,  and  that  it 
is  suddenly  compressed,  by  a  stroke  of  the  piston,  into  lialf 
its  l)ulk.  None  of  the  steam  will  in  this  case  be  con- 
densed ;  but  it  will  acquire  double  elasticity,  and  its  tem- 
perature will  be  considerably  increased.  Now  if  we  either 
suppose  the  cylinder  incapable  of  transmitting  heat,  or 


150 


or   HEAT  OR  CALORIC. 


CHAP.  ni. 


take  the  moment  instantly  following  the  compression  be-^ 
fore  any  heat  has  had  time  to  escape,  it  must  be  evident 
that  the  sensible  and  latent  heat  of  the  steam,  taken  to^ 
gether  before  compression,  are  precisely  equal  to  the  sen- 
sible and  latent  heat  taken  together  of  the  denser  steam. 
But  in  the  dense  steam,  the  sensible  heat  is  increased,  and 
the  latent  heat  proportionally  diminished.  The  explana-. 
tion  of  this  fact  will  be  furnished  by  a  principle  to  be  here- 
after explained,  that  the  capacities  of  elastic  fluids  for 
caloric  are  uniformly  diminished  by  increasing  their  den- 
sity. 

The  large  quantity  of  caloric,  latent  in  steam,  renders 
its  application  extremely  useful  for  practical  pui'poses?. 
Thus,  water  may  be  heated,  as  in  the  foregoing  experi- 
ment, at  a  considerable  distance  from  the  source  of  heat, 
by  lengthening  the  conducting  pipe  e.  This  furnishes  us 
with  a  commodious  method  of  warming  the  water  of  baths, 
whicli,  in  certain  cases  of  disease,  it  is  of  importance  to 
liave  near  the  patient's  bed  room ;  for  the  boiler,  in  which 
the  water  is  heated,  may  thus  be  placed  on  the  ground 
floor,  or  in  the  cellar  of  a  house ;  and  the  steam  conveyed 
by  pipes  into  an  upper  apartment.  Steam  may  also  be 
applied  to  tlic  purpose  of  heating  or  evaporating  water,  by 
n  modification  of  the  apparatus.  Fig.  46,  represents 
the  apparatus  for  boiling  water  by  the  condensation  of 
steam,  whhout  adding  to  its  quantity;  a  circumstance  ocr 
casionally  of  considerable  importance.  The  steam  is  re- 
ceived between  the  vessel,  which  contauis  the  water  to  be 
heated,  and  an  exterior  case ;  it  imparts  its  caloric  to  the 
water,  through  the  substance  of  the  vessel ;  is  thus  con- 
densed, and  returns  to  the  boiler  by  the  perpendicular 
|)ipq.    An  alteration  of  the  form  of  the  vessel  adapts  it  to 
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<!vaporation  (fig.  46,  h).  This  method  of  evaporation  is 
admirably  suited  to  the  concentration  of  liquids,  that  are 
decomposed,  or  injured,  by  a  higher  temperature  than  that 
of  boiling  water,  such  as  medicinal  extracts ;  to  the  drying 
of  precipitates,  &c.  In  the  employment  of  either  of  these 
vessels,  it  is  expedient  to  surround  it  with  some  slow  con- 
ductor of  heat.  On  a  small  scale,  a  few  folds  of  woollen 
cloth  are  sufficient;  and,  when  the  vessel  is  constnicted  of 
a  large  size  for  practical  use,  this  purpose  is  served  by  the 
Vrick  work  in  which  it  is  placed. 


SECTION  V, 

Specific  Caloric^ 

Equal  weights  of  the  same  body,  at  the  same  tempera- 
ture, contain  the  same  quantities  of  caloric.  But  equal 
weights  of  different  bodies,  at  the  same  temperature,  con- 
tain unequal  quantities  of  caloric.  The  quantity  of  caloric, 
which  one  body  contains,  compared  with  that  contained  ia 
another,  is  called  its  specific  caloric  ;  and  the  power  or 
property,  which  enables  bodies  to  retain  different  quan- 
tities of  caloric,  has  been  called  capacity  for  caloric^ 
The  method  of  determining  the  specific  caloric,  or  com- 
parative quantities  of  caloric  In  different  bodies,  is  as  fol- 
lows : 

It  has  already  been  observed,  that  equal  weights  of  the 
same  body,  at  different  temperatures,  give,  on  admixture, 
the  arithmetical  mean.  Thus,  the  temperature  of  a  pint 
of  hot  water  and  a  pint  of  cold,  is,  after  mixture,  very 
ttiarly  half  way  between  that  of  the  two  extremes.  But 
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this  Is  not  the  case,  when  equal  quantities  of  different 
bodies,  at  ditterent  temperatures,  are  employed. 

(«)  If  a  pint  of  quicksilver  at  100°  Fahrenheit,  be  mixed 
with  a  pint  of  water  at  40°  the  resulting  temperature  will 
not  be  70°  (tlie  arithmetical  mean),  but  only  60°.  Hence 
the  quicksilver  loses  40°  of  heat,  which  nevertheless  raise 
the  temperature  of  the  water  only  20° ;  in  other  words,  a 
larger  quantity  of  caloric  is  required  to  raise  the  tempera- 
ture of  a  pint  of  water,  than  that  of  a  pint  of  mercury, 
through  the  same  number  of  degrees.  Hence  it  is  in- 
ferred, that  water  has  a  greater  capacity  for  caloric  than  is 
inherent  in  quicksilver. 

(Z>)  ITie  experiment  may  be  reversed,  by  heating  the 
water  to  a  greater  degree  than  the  quicksilver.  If  the 
water  be  at  100°  and  the  mercury  at  40°,  the  resulting 
temperature  will  be  nearly  80° ;  because  the  pint  of  hot 
water  contains  more  caloric,  than  is  necessary  to  raise  the 
quicksilver  to  the  arithmetical  mefUi. 

(c)  Lastly,  if  we  take  two  measures  of  quicksilver  to  one 
of  water,  it  is  of  no  consequence  which  is  the  hotter;  'for 
the  resulting  temperature  is  always  the  mean  between  the 
two  extremes;  for  example,  70°,  if  the  extremes  be  lOO'^ 
and  40°.  Here,  it  is  manifest,  that  the  same  quantity  of 
caloric,  w^hich  makes  one  measure  of  water  \\  armer  by  30°, 
is  sufficient  for  making  two  measures  of  quicksilver  warmer 
by  the  same  nxunber.  Quicksilver  has,  therefore,  a  less 
capacity  than  water  for  caloric,  in  the  proportion,  when 
equal  measures  are  taken,  of  one  to  two. 

If,  instead  of  equal  hulks  of  quicksilver  and  water,  we 
had  taken  equal  tveights^  the  disparity  between  the  spe- 
cific caloric  of  the  mercuiy  and  water  would  have  been 
still  greater.  Thus  a  pound  of  water  at  100°,  mixed  with 
a  pound  of  mercury  at  40°,  gives  a  temperature  of  97^°, 
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or  27^°  above  the  arithmetical  mefui.  In  tliis  experiment, 
tlie  water,  being  cooled  from  1 00°  to  97 i°  has  lost  a  qiian- 
tity  of  caloric  reducing  its  temperature  only  2^° ;  but  this 
caloric,  communicated  to  the  pound  of  mercury,  has  pro- 
duced, in  its  temperature,  a  rise  of  no  less  than  57|°. 
Therefore,  a  quantity  of  caloric,  necessajy  to  raise  the 
temperature  of  a  pound  of  water  2^°,  is  sufficient  to  raise 
that  of  a  pound  of  mercury  5/5°;  or,  by  the  rule  of  pro- 
portion, the  caloric,  which  raises  tlie  temperature  of  a 
pound  of  water  1°,  will  raise  that  of  a  pound  of  quicksilver 
about  23°.  Hence  it  is  infen'cd,  that  the  quantity  of  ca- 
loric contained  in  water,  is  to  that  contained  in  the  same 
weight  of  quicksilver  as  23°  to  1°.  Or,  stating  the  caloric 
of  water  at  1°,  tlat  of  quicksilver  will  be  part  of  1°,  or 
0,0-435*. 

When  this  comparison  is  extended  to  a  great  variety  of 
bodies,  they  will  be  found  to  differ  very  considerably  in 
their  capacities  for  caloril'.  The  results  of  numerous  ex- 
periments of  this  kind  are  comprised  in  a  table  of  specific 
caloric.  (See  the  Appendix.) 

The  capacities  of  bodies  for  caloric  influence,  consi- 
derably, the  rate  at  which  tliey  are  heated  and  cooled. 
In  general,  those  bodies  are  most  slowly  heated,  and  cool 
most  slowly,  which  have  the  greatest  capacities  for  heat  f. 
Thus,  if  water  and  quicksilver  be  set,  in  similar  quanti- 
ties, and  at  equal  distances  before  the  fire,  the  quick- 
silver will  be  much  more  rapidly  heated  than  the  water ; 
and,  on  removal  from  the  fire,  it  will  cool  with  propor- 


*  The  above  numbers,  which  differ  from  those  commonly 
stated,  are  given  on  the  authority  of  Mr.  DaUon. 
f  See  Marline,  on  lleat,  page  74. 
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tionally  greater  quickness  than  the  water.  By  ascertain- 
ing tlic  comparative  rates  of  cooling,  we  may  even  deter- 
mine, with  tolerable  exactness,  tlie  specific  caloric  of 
bodies;  and  particularly  of  one  class  (the  gases),  which 
are  not  easily  compared  in  any  other  way.  (See  Leslie  on 
Heat,  chap,  xxi.) 
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CHAPTER  IV. 

OF  LIGHT. 

THE  laws  of  light,  so  far  as  they  relate  to  the  phenomena 
of  its  movement,  and  to  the  sense  of  vision,  constitute  the 
science  of  OPTICS  j  and  ai'e  the  ohjects,  therefore,  not  of 
Chemistry,  hut  of  Natural  Philosophy.  Light,  however, 
is  capable  of  producing  important  chemical  eftects,  and  of 
entering  into  vai'ious  cliemical  combinations.  Its  action 
is,  for  the  most  part,  exerted  in  de-oxidizing  bodies ;  and 
facts  of  this  kind  cannot  be  perfectly  understood,  until 
two  important  classes  of  bodies  have  been  described,  viz, 
tliose  of  oxides  and  of  acids.  In  this  place,  therefore,  I 
^hall  state  only  a  few  of  its  leiist  complicated  effects ;  and 
shall  trace  its  agency  on  different  bodies,  as  they  become 
the  objects  of  experiment  in  the  sequel. 

I.  Light,  in  the  state  in  which  it  reaches  the  organ  of 
visioii,  it  is  well  known,  is  rot  a  simple  body,  but  is  ca- 
pable of  being  divided,  by  the  prism,  into  seven  primary 
rays  or  colours,  viz.  red,  orange,  yellow,  green,  blue,  in- 
digo, and  violet.  These  are  refrangible  in  the  above  order, 
the  red  being  least  refrangible,  and  the  violet  most  so. 
The  image  formed  by  tlie  difi'erent  rays,  thus  separated, 
constitutes  the  solar  spectrum. 

U.  Heat  and  light  are  not  present,  in  corresponding  de- 
grees, in  different  parts  of  the  solar  spectrum.  With  re- 
spect to  the  illuminating  power  of  each  colour.  Dr.  Her- 
^cliell  found  that  the  red  rays  are  far  from  having  it  in  an 
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eminent  de^ce.  The  orange  possess  more  of  it  than  the 
red ;  and  the  yellow  rays  illuminate  objects  still  more  per- 
fectly. The  maximum  of  illumination  lies  in  the  brightest 
yellow  or  palest  green.  Tlie  green  itself  is  nearly  equally 
bright  whh  the  yellow ;  but  from  the  full  deep  green,  the 
illuminating  power  decreases  very  sensibly,  lliat  of  the 
blue  is  nearly  on  a  pja*  with  that  of  the  red ;  the  indigo 
has  much  less  than  the  blue,  and  tlie  violet  is  very  defi- 
cient.   (Philosophical  Transactions,  1800,  page  267-) 

III.  The  heating  power  of  the  rays  follows  a  difterent 
order. — If  the  bulb  of  a  very  sensible  air  thermometer  be 
moved  in  succession,  through  the  differently  coloured  rays, 
it  will  be  found  to  indicate  the  greatest  heat  in  the  red 
rays ;  next  in  the  green ;  and  so  on,  in  a  diminishing  pro- 
gression, to  the  violet.  The  precise  effects  of  the  different 
rays,  determined  by  Dr.  Herschell's  experiments,  are  as 
follows : 

The  thermometer  rose 
,  al::  


In  the  blue,  in  3   minutes  from  55°  to  56° 


  green,  in  3   —  54  to  58 

  yellow,  in  3       —   56  to  62 

  full  red,  in  2|     —   56  to  72 

—  confines  of  red,  in  2^    58  to  73^ 

IV.  When  the  thermometer  is  removed  entirely  out  of 
the  confines  of  the  red  rays,  but  with  its  ball  still  in  the 
lifVi  of  the  spectrum,  it  rises  even  higher  than  in  the  red 
rays ;  and  continues  to  rise,  till  removed  half  an  inch 
beyond  the  extremity  of  the  red  rays.  In  tliis  situation, 
quite  out  of  the  visible  light,  the  thermometer  rose  in  2^ 
minutes  from  61  to  79.    Tlie  ball  of  the  thermometer. 
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employed  for  tliis  purpose,  should  be  extremely  small*, 
and  should  be  blackened  with  Indian  ink.  An  air  ther- 
mometer is  better  adapted  than  a  mercurial  one,  to  exhibit 
the  minute  change  of  temperature  that  ensues.  These 
INVISIBLE  HEAT-MAKING  RAYS  may  be  reflected  by  the 
mirror,  and  refracted  by  the  lens,  exactly  in  the  same 
manner  as  the  rays  of  light. 

V.  Beyond  the  confines  of  the  spectrum  on  the  other 
side,  viz.  a  little  beyond  the  violet  ray,  the  thermometer  is 
not  affected ;  but  in  this  place  it  is  remarkable,  that  there 
are  also  invisible  rays  of  a  different  kind,  which  exert  all 
the  chemical  elfects  of  the  rays  of  liglit,  and  with  eveu 
greater  energy.  One  of  the  chemical  properties  of  light, 
it  will  hereafter  be  stated,  is,  that  it  speedily  changes,  from 
white  to  black,  the  fresh-precipitated  muriate  of  silver. 
(See  chap,  xviii.  sect.  4.)  Tliis  effect  is  produced  most 
rapidly  by  the  direct  light  of  the  sun ;  and  the  rays,  as  se- 
parated by  the  prism,  have  this  property  in  various  de- 
grees. The  blue  rays,  for  example,  effect  a  change  of  the 
muriate  of  silver  in  15  seconds,  which  the  red  require  20 
minutes  to  accomplish ;  and,  generally  speaking,  the  power 
diminishes  as  we  recede  from  the  violet  extremity.  But 
entirely  out  of  the  spectrum,  and  beyond  the  violet  rays, 
the  effect  is  still  produced.  Hence  it  appears,  that  the 
solar  beams  consist  of  three  distinct  kinds  of  rays :  of  those 
that  excite  heat,  and  promote  oxidation ;  of  illuminating 
rays;  and  of  de-oxidizing  rays.  A  striking  illusti-ation 
of  the  different  power  of  these  various  rays,  is  furnished, 
by  their  effect  on  phosphorus.    In  the  rays  beyond  the  red 


*  Excellent  thermometers  for  this  purpose,  and  others 
rsquiring  great  sensibility,  are  made  by  Mr.  Crichton,  of 
Glasgow,  and  Mr.  Gary,  of  London. 
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extremity,  phosphorus  is  heated,  smokes,  and  emits  whit^ 
fumes ;  but  these  are  presently  suppressed,  on  exposing  it 
to  the  de-oxidizlng  rays,  which  lie  beyond  the  violet  ex-* 
tremity. 

VI.  There  is  an  exception,  however,  as  stated  by  Dn 
Wollaston,  to  the  de-oxidizing  power  of  the  r.iys  above- 
mentioned.  The  substance,  termed  gum-guaiacum,  has 
the  property,  when  exposed  to  the  light,  of  clianging  from 
a  yellowish  colour  to  green ;  and  this  effect  he  has  ascer- 
tained to  be  connected  with  the  absorption  of  oxygen* 
Now  in  the  most  refrangible  rays,  which  would  fall  beyond 
the  violet  extremity,  he  found  tliat  this  substance  became 
green,  and  was  again  changed  to  yellow  by  the  least  re- 
frangible. This  is  precisely  the  reverse  of  what  happens 
to  muriate  of  silver,  which  is  blackened,  or  de-oxidized, 
by  the  most  refrangible ;  and  has  its  colour  restored,  or  is 
again  oxygenized,  in  the  least  refrangible  rays. 

VII.  Certain  bodies  have  the  property  of  absorbing  the 
rays  of  light  in  their  totality  j  of  retaining  them  for  somo 
time ;  and  of  again  evolving  them  unchanged,  and  unac* 
companied  by  sensible  heat.  Thus,  in  an  experiment  of 
Du  Fay,  a  diamond  exposed  to  the  sun,  and  immediately 
covered  with  black  wax,  shone  in  the  dark,  on  removing 
the  wax,  at  the  expiration  of  several  months.  Bodies^ 
gifted  with  this  propeity,  are  called  solar  phosphorii 
Such  are  Canton's,  Baldwin's,  Romberg's,  and  the  Bo* 
Ibgnian  phosphori,  which  will  be  described  hereafter.  To 
the  same  class  belong  several  natural  bodies,  which  retain 
light,  and  give  it  out  unchanged.  Thus  snow  is  a  natural 
lolar  phosp bonis .  So  also  is,  occasionally,  the  sea  when 
agitated;  putrid  fish  have  a  similar  property;  and  the 
glow-worm  belongs  to  the  same  class.  These  phenomena 
are  indepeudeiit  of  every  thing  like  combustion ;  for  arti- 
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ficlal  phosplxori,  after  exposure  to  the  Sun's  rays,  shine  la 
the  dark,  when  placed  in  the  vacuum  of  an  air-pump,  or 
under  water,  &c.,  where  no  air  is  present  to  elFect  com- 
bustion. 

VIII.  From  solai-  phosphori,  the  extrication  of  light  i» 
facilitated  by  the  application  of  an  elevated  temperature; 
and,  after  having  ceased  to  shine  at  the  ordhiaiy  tempera- 
ture, they  again  emit  ligiit  when  exposed  to  an  mcrease  of 
heat.  Several  bodies,  which  do  not  otherwise  give  out 
light,  evolve  it,  or  become  phosphorescent,  when  heated. 
Thus,  powdered  fluate  of  lime  becomes  luminous,  wlicn 
thrown  on  an  iron  plate  raised  to  a  temperature  rather 
above  that  of  boiling  water.  The  yolk  of  an  egg,  when 
dried,  becomes  luminous  on  being  heated;  and  so  also  does 
tallow  during  liquefaction.  To  exhibit  the  last  mentioned 
fact,  it  is  merely  necessary  to  place  a  lump  of  tallow  on  a 
coal,  heated  below  ignition,  making  the  experiment  in  a 
daik  room. 

IX.  Attrition,  also,  evolves  light.  Tlius,  two  pieces  of 
common  bonnet  cane,  nibbed  strongly  against  each  other 
in  the  diurk,  emit  a  faint  light.  Two  pieces  of  borax  have 
the  same  property  much  more  remarkably. 

X.  Light  is  disengaged  in  various  cases  of  chemical 
combination.  Whenever  combustion  is  a  part  of  the  phe- 
nomena, this  is  well  known  to  happen ;  but  light  is  evolved, 
also,  hi  other  instances,  where  nothing  like  combustion 
goes  forwards.  Thus,  fresh  prepared  pure  magnesia,  added 
suddenly  to  highly  conceptrated  sulphuric  acid,  exliibits  a 
red  heat. 

XI.  For  measuring  the  relative  intensities  of  light  from 
various  sources,  an  instrument  has  been  contrived,  called 
tlie  PHOTOMETER.^  That  of  Count  Rumford,  described  in 
tlie  84th  volume  of  the  Philosophical  Transactions,  being" 
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founded  on  optical  principles,  does  not  fall  strictly  within 
tlie  province  of  this  work.  It  is  constructed  on  the  prin- 
ciple, that  the  power  of  a  burning  body,  to  illuminate  any 
defined  space,  is  directly  as  the  intensity  of  the  light,  and 
inversely  as  the  square  of  the  distance.  If  two  unequal 
lights  shine  on  the  same  surface  at  equal  obliquities,  and 
an  opake  body  be  interposed  between  each  of  them  and 
the  illuminated  surface,  the  two  shadows  must  differ  in 
intensity  or  blackness ;  for  the  shadow  formed  by  inter- 
cepting the  greater  light  will  be  illuminated  by  the  lesser 
light  only ;  and,  reversely,  the  other  shadow  will  be  illu- 
minated by  the  greater  light that  is,  the  sti'onger  light 
will  be  attended  with  the  deeper  shadow.  But  it  is  easy, 
by  removing  the  stronger  light  to  a  greater  distance,  to 
render  the  shadow,  which  it  produces,  not  deeper  than  that 
of  the  smaller,  or  of  precisely  the  same  intensity.  This 
equalization  being  effected,  the  quantity  of  light  emitted 
by  each  lamp,  or  candle,  will  be  as  the  square  of  the 
distance  of  the  burning  body  from  the  white  surface. 

The  photometer  of  Mr.  Leslie  is  founded  on  a  different 
principle,  viz.  that  light,  in  proportion  to  its  absoi"j5tion, 
produces  beat.  The  degree  of  heat  produced,  and  con- 
sequently of  light  absorbed,  is  measured  by  the  expansion 
of  a  confined  portion  of  air.  A  minute  description  of  the 
ingenious  instrument  contrived  by  Mr.  Leslie  with  this 
view,  may  be  seen  in  his  work  on  Heat,  or  in  the  3d  vol. 
of  Nicholson's  4to.  Journal.  In, its  construction,  it  bears  a 
considerable  resemblance  to  the  differential  thermometer, 
already  described,  page  114,  and  represented  plate  i~.  fig.  7. 
As  both  the  balls  of  the  latter  instrument,  however,  are 
transparent,  no  change  ensues  in  the  situation  of  the 
coloured  liquid  when  it  is  exposed  to  the  variations  of  light. 
But,  in  the  photometer,  one  of  the  balls  is  rendered  opake. 
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either  by  tinging  the  glass,  or  by  covering  it  with  a  pig- 
ment ;  and  hence  tliis  ball,  absorbing  the  incident  light 
wliich  passes  freely  through  the  transparent  one,  the  air 
included  in  it  becomes  warmer  than  that  of  the  other  ball, 
and,  by  its  greater  elasticity,  forces  the  liquid  up  the  op- 
posite leg  of  the  instmment.  A  graduated  scale  measures 
the  amount  of  the  effect ;  and  a  glass  covering  defends  the 
photometer  from  being  influenced  by  the  temperature  of 
the  atmosphere. 
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SECTION  I. 

Of  the  Apparatus  for  Gases, 

FOR  performing  the  necessary  experiments  on  gases, 
many  articles  of  apparatus  are  essential,  that  have  not 
hitherto  been  described.  It  may  assist  the  student  in  ob- 
taining the  necessary  instruments,  if  a  few  of  the  most 
essential  be  here  enumerated.  In  this  place,  however,  X 
shall  mention  such  only,  as  are  necessary  in  making  a  few 
general  experiments  on  this  interesting  class  of  bodies. 

The  apparatus,  required  for  experiments  on  gases,  con- 
sists partly  of  vessels  fitted  for  containing  the  materials  that 
afford  them,  and  partly  of  vessels  adapted  for  the  reception 
of  gases,  and  for  submitting  them  to  experiment. 

1.  For  procuring  such  gases  as  are  producible  without 
a  very  strong  heat,  glass  bottles,  furnished  with  ground 
stoppers  and  bent  tubes,  are  sufficient  (plate  ii.  fig.  18). 
Of  these  several  will  be  required,  of  difltrent  sizes  and 
shapes,  adapted  to  different  purposes.  If  these  cannot  be 
procured,  a  Florence  flask,  with  a  cork  perforated  by  a 
bent  glass  tube,  or  even  by  a  tin  pipe,  will  serve  for  ob- 
taining some  of  the  gases. 

Those  gases  that  require,  for  their  liberation,  a  red  keat^ 
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may  be  procured,  by  exposing  to  heat  the  sut)stance 
capable  of  affording  tliem,  in  earthen  retorts  or  tubes ;  or 
in  a  gun  barrel,  the  touch-hole  of  which  has  been  ac- 
curately closed  by  an  iron  pin.  To  the  mouth  of  the 
barrel  must  be  affixed  a  glass  tube,  bent  so  as  to  convey 
the  gases  where  it  may  be  requisite. 

A  veiy  convenient  apparatus,  for  obtaining  such  gases 
as  cannot  be  disengaged  without  a  red  heat,  is  sold  at  the 
^hops  for  philosophical  apparatus  in  London.  It  consists 
of  a  cast-iron  retort,  to  which  a  jointed  metallic  conducting 
tube  is  fitted  by  grinding;  and  by  means  of  which  the  gas 
may  be  conveyed  in  any  direction,  and  to  any  moderate 
tlistance.  It  is  represented,  as  placed,  when  in  actual  use, 
between  tlie  bars  of  a  common  fire-grate  (plate  ix.  fig.  85, 
flf,  b). 

2.  For  receiving  the  gases,  glass  jars,  of  various  slzeiS- 
ffigs.  21,  22,  23),  are  required,  some  of  which  should  be 
furnished  with  necks  at  die  top,  fitted  with  ground  stoppers. 
Others  should  be  provided  with  brass  caps,  and  screws,  for 
the  reception  of  air-cocks  (fig.  22).  Of  these  last  (the  air- 
cocks),  several  will  be  found  necessary ;  and,  to  some  of 
them,  bladders,  or  elastic  bottles,  should  be  firmly  tied, 
for  the  purpose  of  transferring  gases.  These  jars  will  also 
be  foimd  extremely  useful  in  experiments  on  the  properties 
and  effects  of  the  gases.  Some  of  them  should  be  graduated 
into  cubical  inches. 

To  contain  these  jars,  when  in  use,  a  vessel  will  be 
necessary,  capable  of  holding  a  few  gallons  of  water.  This 
may  either  be  of  wood,  if  of  considerable  size;  or,  if  small, 
of  tin,  japanned  or  painted.  Plate  iv.  fig.  41,  //  exhibits 
a  section  of  this  apparatus,  which  has  been  termed  the 
pneumato-chemical  trough,  or  pneumatic  cistern.  It^ 
size  may  vary  with  tliat  of  the  jars  employed ;  and,  about 
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two  or  three  inches  from  the  top,  it  slioiild  have  a  shelf, 
on  which  the  jars  may  be  placed,  when  lillcd  with  air, 
without  the  risk  of  being  overset.  In  this  shelf  should 
be  a  few  small  holes,  to  which  inserted  funnels  may  be 
soldered. 

A  glass  tube,  about  18  mches  long,  and  three  quarters 
of  an  inch  diameter  (fig.  21),  closed  at  one  end,  and 
divided  into  cubic  inches,  and  tenths  of  inches,  will 
be  required  for  ascertaining  the  purity  of  air  by  nitrous 
gas.  It  should  be  accompanied  also  with  a  small  measurCy 
containing  about  two  cubic  inches,  and  similarly  graduated. 
For  employing  the  solution  of  nitrous  gas  in  liquid  sulphate 
of  iron  (a  happy  invention  of  Mr.  Ddvy,  which  leaves  very 
little  to  be  desired  in  eudiometry),  glass  tubes,  about  five 
inches  long,  and  half  an  inch  wide,  divided  decimally,  are 
also  necessary.  Besides  these,  the  experimentalist  should 
be  furnished  with  air  funnels  (fig.  19),  for  transfenung 
gases  from  wide  to  narrow  vessels. 

An  apparatus,  almost  indisjjensable  in  experiments  on 
this  class  of  bodies,  is  a  gazometer,  which  enables  the 
chemist  to  collect  and  to  preserve  large  quantities  of  gas,, 
with  the  aid  of  only  a  few  pounds  of  water.  In  the  forn* 
of  this  apparatus  there  is  considerable  vaiiety;  but,  at 
present,  I  have  no  other  view  than  that  of  explaining  its 
general  construction  and  use.  It  consists  of  an  outer  fixed 
vessel  d  (plate  iv,  fig.  35),  and  an  inner  moveable  one  c,. 
both  of  japanned  iron.  The  latter  slides  easily  up  and 
down  within  the  other,  and  is  suspended  by  cords  passing 
over  pulleys,  to  which  are  attached  the  counterpoises,  ee. 
To  avoid  the  encumbrance  of  a  great  weight  of  water,  the 
outer  vessel  d  is  made  double,  or  is  composed  of  two 
cylinders,  the  inner  one  of  which  is  closed  at  the  top  and 
Rt  the  bottom.   The  space  of  only  about  half  an  inch  is 


APPARATUS    FOR  GASES. 


1G5 


ieft  between  the  two  cylinders,  as  shown  by  the  dotted 
lines.  In  this  space  the  vessel  c  may  move  freely  up  and 
down.  The  inteiTal  is  filled  with  water  as  high  as  the  top 
of  the  inner  cylinder.  The  cup,  or  rim,  at  the  top  of  the 
outer  vessel,  is  to  prevent  the  water  from  overflowing, 
when  the  vessel  c  is  forcibly  pressed  down,  in  which  situa- 
tion it  is  placed  whenever  gas  is  about  to  be  collected. 
The  gas  enters  from  the  vessel  in  which  it  is  produced,  by 
the  communicating  pipe  b,  and  passes  along  the  peipen- 
dicular  pipe  marked  by  dotted  lines  in  the  centi-e,  into  the 
cavity  of  the  vessel  c,  which  continues  rising  till  it  is 
full. 

To  transfer  the  gas,  or  to  apply  it  to  any  purpose,  the 
cock  b  is  to  be  shut,  and  an  empty  bladder,  or  bottle  of 
elastic  gum,  furnished  with  a  stop-cock,  to  be  screwed  on 
a.  When  the  vessel  c  is  pressed  down  with  the  hand,  the 
gas  passes  down  the  central  pipe,  which  it  had  before 
ascended,  and  its  escape  at  b  being  prevented,  it  finds  its 
way  up  a  pipe  which  is  fixed  to  the  outer  surface  of  tlie 
vessel,  and  which  is  terminated  by  the  cock  a.  By 
means  of  an  ivory  mouth-piece  screwed  upon  this  cock, 
the  gas,  included  in  the  instrument,  may  be  respired;  the 
nostrils  being  closed  by  the  fingers.  When  it  is  required 
to  transfer  the  gas,  into  glass  jars  standing  inverted  in 
water,  a  crooked  tube  may  be  employed,  one  end  of 
which  is  screwed  upon  the  cock  b ;  while  the  other  aper- 
ture is  brouglit  under  the  inverted  funnel,  fixed  into  the 
^shelf  of  the  pneumatic  trough.    (See  fig.  41,  c.) 

Several  alterations  have  been  made  in  the  form  of  this 
apparatus ;  but  they  are  principally  such  as  add  merely  to 
its  neatness  and  beauty,  and  not  to  its  utility;  and  they 
render  it  less  easy  of  explanation.    The  counterpoises  ee 
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ai-e  now,  generally,  concealed  in  the  framing,  and  the 
vessel  c  is  frequently  made  of  glass. 

When  large  quantities  of  gas  are  required  (as  at  a  public 
lecture),  the  gas-holder,  plate  iv.  fig.  36,  will  be  found  ex- 
tremely useful.    It  is  made  of  tinned  iron  plate,  japanned 
both  within  and  without.    Two  siiort  pipes,  a  and  r,  ter- 
minated by  cocks,  proceed  from  its  sides,  and  another,  Z>, 
passes  through  the  middle  of  the  top  or  cover,  to  which  it 
is  soldered,  and  reaches  within  half  an  inch  of  the  bottom. 
It  will  be  found  convenient  also  to  have  an  air-cock,  with  a 
very  wide  bore,  fixed  to  the  funnel  at  i.    When  gas  is  to 
be  transferred  into  this  vessel  from  the  gazometer,  the 
vessel  is  first  completely  filled  with  water  through  the  fun- 
nel, the  cock  a  being  left  open,  and  c  shut.    By  means  of 
a  horizontal  pipe,  the  aperture  a  is  connected  with  a  of 
the  gai'-ometer.    The  cock  h  being  shut,  a  and  c  gire 
opened,  and  the  vessel  c  of  the  gazometer,  fig.  35,  gently 
pressed  downwards  with  the  hand.   The  gas  then  descends 
from  the  gazometer  till  the  air-holder  is  full,  which  may 
be  known  by  the  water  ceasing  to  escapejthrough  the  cock  c. 
All  the  cocks  are  then  to  be  shut,  and  the  vessels  disunited. 
To  apply  this  gas  to  any  purpose,  an  empty  bladder  may  be 
screwed  on  a  ;  and  water  being  poured  thro\igh  the  funnel 
h,  a  corresponding  quantity  of  gas  is  forced  into  the 
bladder.    By  lengthening  the  pipe     the  pressure  of  a  co^' 
lumn  of  wiiter  may  be  added ;  and  the  gas  being  forced 
through  a  with  considerable  velocity,  may  be  applied  tp 
the  purpose  of  a  lilow-pipe,  &c.,  &c.    The  apparatus  ad- 
mits  of  a  variety  of  modifications.    The  most  useful  one 
appears  to  me  to  be  that  contrived  by  Mr.  Pepys,  consist-, 
ing  chiefly  in  the  addition  of  a  shallow  cistern  {e,  plate  ix. 
fig,  85)  to  the  top  of  the  air-holder,  and  of  a  glass  regist(^r 
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tube  f,  which  shows  the  lieight  of  the  water,  and  conse- 
quently the  quantity  of  gas,  in  the  vessel.  A  more  minute 
account  of  it  will  be  given  in  the  description  of  the  ninth 
plate  *. 

The  gazometer,  already  described,  is  fitted  only  for  the 
reception  of  gases  that  are  confinable  by  water;  because 
quicksilver  would  act  on  the  tinning  and  solder  of  the 
vessel,  and  would  not  only  be  spoiled  itself,  but  would  de- 
stroy the  apparatus.  Yet  an  instrument  of  this  kind,  in 
which  mercury  can  be  employed,  is  peculiai'ly  desirable,  on 
account  of  tlie  great  weight  of  that  fluid ;  and  two  varieties 
of  tlie  mercurial  gazometer  have  therefore  been  invented. 
Tlie  one,  of  glass,  is  the  contrivance  of  Mr.  Clayfield,  and 
may  be  seen  represented  in  the  plate  prefixed  to  Mr.Davy's 
Researches.  In  the  other,  invented  by  Mr.  Pepys,  the 
cistern  for  the  mercury  is  of  cast-iron.  A  drawing  and 
description  of  it  may  be  found  in  the  5th  vol.  of  the  Phi- 
losophical MagJizine ;  but  as  neither  of  these  instruments  are 
essential  to  the  chemical  student,  and  as  they  are  required 
only  in  experiments  of  research,  I  deem  it  sufficient  to 
refer  to  the  minute  descriptions  of  their  respective  in- 
ventors. 

For  those  gases  that  are  absorbed  by  water,  a  mercurial 
trough  is  necessary.  For  the  mere  exhibition  of  a  few  ex- 
periments on  these  condensible  gases,  a  small  wooden 
trough,  1 1  inches  long,  two  wide,  and  two  deep,  cut  out  of  a 
solid  block  of  mahogany,  is  sufficient ;  but  for  experiments 
of  research,  one  of  considerable  size  is  required.  (See 
plate  iii.  fig.  31,  //) 


*  Descriptions  and  figures  of  improved  gas-hoUlers  may  be 
seen  also  in  the  13ih,  24-th,  and  L'7th  vols,  of  the  Philosophical 
Magazine. 
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The  apparatus,  required  for  submitting  gases  to  the 
action  of  electricity,  is  shown  in  plate  ix.  fig.  84  j  where  a 
represents  the  knob  of  the  prime  conductor  of  an  electrical 
machine ;  h  a  Leyden  jar,  the  ball  of  which  is  in  contact 
with  it,  as  when  in  the  act  of  charging ;  and  c  the  tube 
standing  inverted  in  mercury,  and  partly  filled  with  gas. 
The  mercury  is  contained  in  a  strong  wooden  box  rf,  to 
which  is  screwed  the  upright  iron  pillar  ^,with  a  slidingcollar 
for  securing  the  tube  c  in  a  perpendicular  position.  When 
the  jar  h  is  charged  to  a  certain  intensity,  it  discharges  it- 
self between  the  knob  a  and  the  small  ball  which,  with 
the  wire  connected  with  it,  may  be  occasionally  fitted  on 
the  top  of  the  tube  c.  The  strength  of  the  shocks  is  regu- 
lated by  the  distance  between  a  and  i. 

By  the  same  apparatus,  inflammable  mixtures  of  gases 
may  l)e  exploded  by  electricity.  In  this  case,  however,  the 
jar  h  is  unnecessary,  a  spark  received  by  i  from  a  being 
fiufficient  to  kindle  the  mixture. 

The  method  of  iveiglixng  gases  is  xcry  simple  and  easily 
practised.  For  this  pin"pose,  however,  it  is  necessary  to  be 
|)rovided  with  a  good  air-pump  ;  and  with  a  globe  or  fl?sk, 
furnished  with  a  brass  cap  and  air-cock,  as  shown  fig.  22,  b. 
A  graduated  receiver  is,  also,  requu'ed,  to  which  an  air-s 
cock  is  adapted,  as  shown  at  fig.  22,  a. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the 
weight  of  which  is  to  be  ascertained,  we  screw  the  cock  of 
the  vessel  b  on  the  transfer  plate  of  an  air-pump,  and  ex- 
haust it  as  completely  as  possible.  The  weight  of  the  ex- 
hausted vessel  is  tlien  very  accurately  taken,  even  to  a 
small  fraction  of  a  grain  j  and  it  is  screwed  upon  the  air- 
cock  of  the  receiver  a.  On  opening  both  cocks,  the  last 
of  which  should  be  turned  very  gradually,  the  gas  ascends 
from  the  vessel  a;  and  the  quantity,  which  enters  into  the 
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flask,  is  known  by  the  graduated  scale  on  a.  On  weighing 
the  vessel  a  second  time,  we  ascertain  how  many  grains 
have  been  admitted.  If  we  have  operated  ou  common  air, 
we  sliali  find  its  weight  to  be  at  the  rate  of  about  31  grains 
to  100  cubical  inches.  The  same  quantity  of  oxygen  gas 
will  weigh  about  34  grains,  and  of  carbonic  acid  gas  up- 
wards of  47  grains. 

Tn  experiments  of  this  kind  it  is  necessary  either  to  ope- 
rate with  the  barometer  at  30  inches,  and  the  thermometer 
at  60°  Fuhrenheit,  or  to  reduce  the  volume  of  gas  em- 
ployed to  that  pressure  and  temperature,  by  rules  which  are 
given  in  tlie  Appcnf^ix.  Great  care  is  to  be  taken,  also, 
not  to  warm  any  of  the  vessels  by  contact  with  the  hands, 
from  which  they  sliould  be  defended  by  a  glove.  On 
opening  the  comnmnication  between  the  receiver  and  the 
exhausted  vessel,  if  any  water  be  lodged  in  the  air-cock 
attached  to  the  former,  it  will  be  forcibly  driven  into  the 
latter,  and  the  experiment  will  be  frustrated.  This  may  be 
avoided  by  using  great  care  in  filling  the  receiver  with 
water,  before  passing  into  it  the  gas  under  examination. 

The  specific  gravity  of  any  gas  compared  with  common 
air  is  readily  known,  when  we  have  once  determined  its 
absolute  weight.  Thus  if  100  cubic  inches  of  air  weigh 
31  grains,  and  the  same  quantity  of  oxygen  gas  weiglis  34 
grains,  we  nay, 

31  :  34  ;  :  1000  :  1103. 
The  specific  gravity  of  oxygen  gas  will  therefore  be  as 
1103  to  1000.  We  may  determine,  also,  the  specific 
gravity  of  gases,  more  simply,  by  weighing  the  flask,  first 
when  full  of  common  air,  and  again  when  exhausted  ;  and 
afterwards  by  admitting  into  it  as  much  of  the  gas  under 
(fxaminution  as  it  will  receive ;  and  weighing  it  a  third 
time.     Now  as  the  loss  between  the  first  and  second 
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weighing  is  to  the  gain  of  weight  on  admitting  the  gas, 
so  is  common  air  to  the  gas  whose  specific  gravity  we  are 
estimating.  Supposing,  for  examj)le,  that  by  exliausting 
the  flask  it  loses  31  grains,  and  that  l)y  admitting  carbonic- 
acid  it  gains  4  /  j  tlicn 

31  ;  47  :  :  1000  :  15 IG. 
The  specific  gravity  of  carbonic  acid  is  therefore  151 G,  air 
being  taken  at  1000.  And  knowing  its  specific  gravity,, 
we  can,  without  any  farther  experiment,  determine  the 
weight  of  100  cubic  inches  of  carbonic  acid ;  for  as  the 
specific  gravity  of  air  is  to  that  of  carl>onic  acid,  so  is  ^1 
to  tlie  number  required ;  or 

1000  :  1516  ::  31  :  4/. 
One  hundred  inches  of  carbonic  acid,  therefore,  will  weigli, 
47  grains. 

Previously  to  undertaking  experiments  on  other  gases, 
it  may  be  well  for  an  unpractised  experimentalist  to  ac- 
custom himself  to  the  dexterous  management  of  gases,  by 
transferring  common  air  from  one  vessel  to  another  of  dif^ 
ferent  sizes. 

1.  When  a  glass  jar,  closed  at  one  end,  is  filled  with 
water,  and  held  with  its  mouth  downwards,  in  however 
small  a  quantity  of  water,  the  fluid  is  retained  in  its  place 
by  the  pressure  of  the  atmosphere  on  the  surface  of  the  ex- 
terior water.  Fill  in  this  manner,  and  invert,  on  the  shelf 
of  the  pneumatic  trough,  one  of  the  jars,  which  is  fur- 
nished with  a  stopper  (lig.  23).  The  water  will  remain  in 
the  jar  so  long  as  the  stopper  is  closed ;  but  immediately 
on  removing  it,  the  water  will  descend  to  the  same  level 
witliin  as  without ;  for  it  is  now  pressed,  equally  upwards 
?ind  downwards,  by  tlie  atmosphere,  and  falls  therefore  in 
consequence  of  its  own  gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over 
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lone  of  tlie  funnels  of  the  shelf  of  the  pneumatic  trough. 
Tlien  take  another  jar,  filled  (as  it  will  be  of  course)  with 
atmospherical  air.  Place  the  latter  with  its  mouth  on  the 
surface  of  the  water ;  and  on  pressing  it  in  the  same  posi- 
tion below  the  sm'face,  the  included  air  will  remain  in  its 
situation.  Bring  the  mouth  of  the  jar  beneath  the  funnel 
in  the  shelf,  and  incline  it  gradually.  The  air  will  now 
rise  in  bubbles,  through  the  funnel,  into  the  upper  jar,  and 
will  expel  the  water  from  it  into  the  trougli, 

3.  Let  one  of  the  jars,  provided  with  a  stop  cock  at  tliQ 
top,  be  placed  full  of  air  on  the  shelf  of  the  trough.  Screw 
upon  it  an  empty  bladder ;  open  the  communication  bcf 
tween  tlie  jar  and  the  bladder,  and  press  the  former  into 
the  water.  The  air  will  then  pass  into  the  bladder,  till  it 
is  filled ;  and  when  the  bladder  is  removed  from  the  jar, 
and  a  pipe  screwed  upon  it,  the  air  may  be  again  trans- 
ferred into  ajar  inverted  in  water. 

4.  For  the  purpose  of  transferring  gases  from  a  wide 
vessel  standing  over  water,  into  a  small  tube  filled  with 
and  inverted  in  mercury,  I  have  long  used  the  following 
contrivance  of  Mr.  Cavendish.  A  tube,  eight  or  10  inches 
long,  and  of  very  small  diameter,  is  drawn  out  to  a  fine 
bore,  and  bent  at  this  end,  so  as  to  resemble  the  italic 
letter  /.  The  point  is  then  immersed  in  quicksilver,  which 
js  drawn  into  the  tube  till  it  is  filled,  by  the  action  of  the 
mouth.  Placing  the  linger  over  the  aperture  at  the  straight 
end,  the  tube  is  next  conveyed  through  the  water,  with 
the  bent  end  uppermost,  into  an  inverted  jar  of  gas, 
When  the  finger  is  removed,  the  quicksilver  falls  from  the 
tube  into  the  trough,  or  into  a  cup  placed  to  receive  it, 
and  the  tube  is  filled  with  the  gas.  Tiie  whole  of  the 
quicksilver,  however,  must  not  be  allowed  to  es{-*ape;  but 
t).  colunju  must  be  kft,  three  or  four  inches  long,  and  inust 
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be  kept  in  its  place  by  the  finger.  Remove  the  tube  from 
the  water ;  let  an  assistant  dry  it  with  blotting  paper ;  and 
introduce  the  point  of  the  bent  end  into  the  aperture  of 
the  tube  standing  over  quicksilver.  On  withdrawing  the 
finger  from  that  aperture  which  is  now  uppermost,  the 
pressure  of  the  column  of  quicksilver,  added  to  the  weight 
of  the  atmosphere,  will  force  the  gas  from  the  bent  tube 
into  the  one  standing  in  the  mercurial  trough. 

On  every  occasion,  when  it  is  necessaiy  to  observe  the 
precise  quantity  of  gas,  at  tlie  commencement  and  close 
of  an  experiment,  it  is  essential  that  the  barometer  and 
thermometer  should  exactly  correspond  at  both  periods. 
An  increased  temperature,  or  a  fall  of  the  barometer,  aug^ 
ments  the  apparent  quantity  of  gas;  and  a  reduced  tem- 
perature or  a  higher  barometer  diminishes  its  bulk.  An- 
other circumstance,  an  attention  to  which  is  indispensable 
in  all  accurate  experiments,  is  that  the  surface  of  the  fluid, 
by  wliich  the  gas  is  confined,  should  be  precisely  at  the 
same  level  within  and  without  the  jar.  If  the  fluid  be 
higher  within  the  jar,  the  contained  gas  will  be  under  a 
less  pressmc  than  that  of  the  atmosphere,  the  weight  of 
which  is  counterpoised  by  that  of  the  column  of  fluid 
within.  In  mercury,  this  source  of  eiTor  is  of  very  conT 
siderable  amount ;  as  any  person  may  be  satisfied  by  pres-r 
sing  down,  into  quicksilver,  a.  tube  partly  filled  with  that 
fluid,  and  partly  with  air,  for  the  volume  of  the  air  will 
gradually  decrease,  the  deeper  the  tube  is  immersed. 

In  experiments  on  gases,  it  is  not  always  possible,  how- 
ever, to  begin  and  conclude  an  experiment  at  precisely 
the  same  temperature,  or  witli  the  same  height  of  the  baro- 
meter ;  or  even  to  bring  the  mercury  within  and  without 
the  receiver  to  the  same  level.  In  tliesc  cases,  therefore, 
calculation  becomes  necessary;  and,  with  the  view  of  com.^ 
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paring  results  more  readily  and  accurately,  it  is  usual  to  re- 
duce quantities  of  gas  to  the  bulk  they  would  occupy  under 
one  given  pressure,  and  at  a  given  temperature.  In  this 
country,  it  is  now  customary  to  assume  as  a  standard  30 
inches  of  the  barometer,  and  6*0°  of  Fahrenheit's  thermo- 
meter; and  to  bring,  to  these  standards,  observations  made 
under  other  degrees  of  atmospheric  pressure  and  tempera- 
ture. The  mles,  for  these  corrections,  which  are  suffici- 
ently simple,  I  shall  give  in  the  Appendix. 

Of  experiments  illustrative  of  the  nature  of  gases  in 
general,  it  may  be  proper  to  mention  one  or  two,  that  show 
the  mode  in  which  caloric  exists  in  this  class  of  bodies.  In 
vapours,  strictly  so  called,  as  the  steam  of  water,  caloric 
si'erns  to  be  retained  with  but  little  force ;  for  it  quits  the 
water  when  the  vapour  is  merely  exposed  to  a  lower  tem- 
perature. Butj-in  gases,  caloric  is  united  by  very  forcible 
affinity,  and  no  diminution  of  temperature,  that  has  ever 
yet  been  effijcted,  can  separate  it  from  some  of  them. 
Thus  the  air  of  our  atmosphere,  in  the  most  intense  arti- 
ficial or  natural  cold,  still  remains  in  the  aeriform  state. 
Hence  is  derived  one  character  of  gases,  viz.  that  they  re- 
main' aeriform  under  almost  all  vaiiations  of  pressure  and 
temperature;  and  in  this  class  are  also  included  those 
aerial  bodies,  which,  being  condensed  by  water,  require 
confinement  over  mercury.  The  following  experiment 
will  show,  that  the  caloric,  contained  in  gases,  is  chemi- 
cally combined. 

Into  a  small  retort  (plate  ii.  fig.  20,  b)  put  an  ounce  or 
two  of  well  dried  common  salt,  and  about  half  its  weight 
of  sulphuric  acid.  By  this  process,  a  great  quantity  of  gas 
is  produced,  which  might  be  received  and  collected  over 
mercury.  But,  to  serve  the  purpose  of  this  experiment, 
let  it  pass  through  a  glass  balloon,  c,  having  three  open- 
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ings,  into  one  of  which  tlie  neck  of  the  retort  passes, 
while,  from  the  other,  a  tube  e  proceeds,  which  ends  in  a 
vessel  of  water,  f,  of  the  temperature  of  the  atmosphere. 
Before  closing  the  apparatus,  let  a  thermometer  d  be  in- 
cluded in  the  balloon,  to  show  the  temperature  of  the  gas. 
It  will  be  found,  tliat  the  mercury,  in  this  thermometer, 
will  rise  only  a  few  degrees,  whereas  tlie  water,  in  the 
vessel  which  receives  the  bent  tube,  will  soon  become 
boiling  hot.  In  this  instance,  caloric  flows  from  the  lamp 
to  the  muriatic  acid,  and  converts  it  into  gas  ;  but  the 
heat,  thus  expended,  is  not  appreciable  by  the  thermo- 
meter, and  must,  therefore,  be  chemically  combined.  The 
caloric,  however,  is  again  evolved,  when  the  gas  is  con- 
densed by  water.  In  this  experiment,  we  trace  caloric 
into  a  latent  state,  and  again  into  the  state  of  free  or  un- 
combined  caloric. 

A  considerable  part  of  the  caloric,  which  exists  in  gases 
in  a  latent  state,  may  be  rendered  sensible  by  rapid  me- 
chanical compression.  Thus  if  air  be  suddenly  compressed 
in  the  ball  of  an  alr-gitn,  the  quantity  of  caloric  liberated 
by  the  first  ?lrokc  of  the  piston,  is  suflicient  to  set  fire  to  a 
piece  of  the  tinder  called  amadou.  (Philosophical  Maga- 
zine, xiv.  363.)  A  flash  of  light  is  said,  also,  to  be  percep- 
tible at  the  moment  of  condensation.  This  fiict  has  been 
Applied  to  the  construction  of  a  portable  instnmient  for 
ligliting  a  candle.  It  consists  of  a  com  . non  syringe,  con- 
cealed in  a  walking  stick.  At  the  lower  extremity,  the 
syringe  is  furnished  with  a  cap,  which  receives  the  sub- 
stance intended  to  be  fired,  and  which  is  attached  to  the  in- 
strument by  a  male  and  female  screw.  The  rapid  depres- 
sion of  the  piston  condenses  the  air,  and  evolves  sufficient 
heat  to  set  the  tinder  on  fire.  (Philosophical  Magazine, 
xxxi.  ISO.) 

For  demonstrating  the  influence  of  variations  of  atm<f>- 
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spheric  pressure  on  tlic  formation  of  gases,  better  experi- 
ments cannot  be  devised  than  tliose  of  Lavoisier.  (See  his 
Elements,  chap,  i.)  But  us  some  students,  wlio  have  the 
use  of  an  air-pump,  may  not  possess  the  apparatus  de- 
scribed by  Lavoisier  (the  glass  bell  and  sliding  wire),  it 
may  be  proper  to  point  out  an  easier  mode  of  showing  the 
same  fact.  This  proof  is  furnished  by  the  experiment  de- 
scribed, page  142, 3,  in  which  ether  is  made  to  assimie  alter- 
nately an  aeriform  and  liquid  state,  by  removing  and  re- 
storing the  pressure  of  the  atmosphere. 

Gases,  when  once  formed,  undergo  a  considerable 
change  of  bulk  by  variations  of  external  pressure.  The 
general  law,  which  has  been  established  on  this  subject  is, 
that  the  volume  of  gases  is  inversely  as  the  compressing 
force.  If,  for  example,  we  have  a  quantity  of  gas  occupy- 
ing 60  cubic  inches  under  the  common  pressine  of  the 
atmosphere,  they  will  fill  the  space  of  only  30  cubic  inches-, 
or  one  half  under  a  double  pressure  j  of  20  inches,  or  one 
3d,  under  a  triple  pressure;  of  15  inches,  or  one  4th, 
under  four  times  the  pressure ;  and  so  on. 

The  law  of  the  dilatability  of  gases  by  heat  has  already 
been  stated  to  be  an  enlargement  of  about  -rhrth  part  of 
their  bulk  for  each  degree  of  Fahrenheit's  scale,  between 
tlie  freezing  and  boiling  points  of  water. 

The  following  table  exliibits  an  arrangement  of  all  the  , 
permanent  gases  hitherto  known,  classed  according  to  thir 
tesemblance  of  their  properties. 

Class  L — Gases  taith  simple  Bases. 

Oxygen  gas. 
Hydrogen  gas, 
Nitrogen  gas. 
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Cr,Ass  II. —  Gases  ivith  cojnpound  Bases. 
1.  Compound  combustible  Gases. 

Name.  Composed  of 

1.  Ammonia   .....  Hydrogen  and  nitrogen. 

2.  Carbureted  hydrogen     .  Hydrogen  and  carbon. 

3.  Oletiant  gus     ....  Carbureted  hydrogen  and 

carbon. 

4.  Sulphureted  hydrogen    .    Hydrogen  and  sulphur. 

5.  Phosphureted  hydrogen  .    Hydrogen  and  phosphoms. 

6.  Arsenureted  hydrogen    .    Hydrogen  and  arsenic. 

7.  Potassureted  hydrogen   .    Hydrogen  and  potassium. 

2.  Oxides  in  the  state  of  Gas. 

1.  Carbonous  oxide  .    .    .    Carbon  and  oxygeri. 

2.  Nitrous  oxide  ....    Nitrogen  and  oxygen. 

3.  Nitric  oxide     ....    Nitrous  oxide  and  oxygen^ 

3.  Acid  Gases. 

1 .  Carbonic  acid  ....  Carbon  and  oxygen. 

2.  Sulphurous  acid    .    .    .  Sulphur  and  oxygen. 

3.  Nitrous  acid    ....  Niti'ic  oxide  and  oxj^gen, 

4.  Nitric  acid      *    .    .    .  Nitrous  acid  and  oxygen. 

5.  Muriatic  acid  ....  Unknown. 

6.  Oxy-muriatic  acid     .    ;  Muriatic  acid  and  oxygen* 

7.  Hyper-oxymm-Litic  acid  .  Oxymuriatic  acid  and  oxy-- 

gen. 

8.  Fluoric  acid     .    .    .    ,    Fluorium  and  oxygen. 

9.  Fluoboric  acid     .    .    .    Fluoric  and  boracic  acids. 
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SECTION  II. 
Oxygen  Gas. 

Wb  have  no  knowledge  of  the  properties  of  oxygen  in  a 
state  of  complete  separation.  In  the  most  simple  form, 
under  which  we  can  procure  it,  it  is  combined  with  caloric, 
and  probably  with  light  and  electricity,  constituting  oxygen 
gas. 

I.  Oxygen  gas  may  he  procured  from  various  sub- 
stances, V. 

1 .  From  the  black  oxide  of  manganese,  heated  to  recK  -"^ 
ness  in  a  gun-barrel,  or  in  an  iron  or  earthen  retort ;  or, 
from  the  same  oxide,  heated  by  a  lamp  in  a  retort  or  gas 
bottle,  with  half  its  weight  of  strong  sulphuric  acid. 

2.  From  the  red  oxide  of  lead  (the  common  red  lead 
used  by  painters),  heated  either  with  or  without  sulphuric 
acid. 

S.  From  various  other  oxides,  as  will  be  hereafter  men- 
lioned. 

4.  From  nitrate  of  potash  (common  saltpetre)  made  red 
hot  in  a  gun  barrel,  or  in  an  earthen  retort. 

5.  From  oxygenized  muriate  of  potash,  heated  in  a 
small  gkss  retort,  over  an  Argand's  lamp.  The  oxygen  gas 
thus  pJ^Bced,  is  much  purer  than  that  obtained  in  any 
other  ISjfjki  especially  the  last  portions,  which  should  be 
kept  separate. 

All  these  substances,  after  having  yielded  oxygen  gas, 
are  found  considerably  diminished  in  weight ;  and  calcu- 
lating each  cubic  inch  of  gas  to  be  equal  to  one  3d  of  a 
grain,  the  loss  of  weight  will  be  found  pretty  exactly  equi- 
valent to  that  of  gas  generated. 

VOL.  I.  N 
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II.  This  gas  has  the  following  propcvties  r 

1.  It  is  not  absorbed  by  water  or,  at  least,  is  so 
sparingly  absorbed,  that,  when  agitated  in  contact  with 
water,  no  perceptible  diminution  takes  place. 

2.  It  is  rather  heavier  tha^i  common  air. — IN'Ir.  Davy 
stated  100  cubic  inches,  at  55°  Fahrenheit,  and  30  inches 
of  the  barometer,  to  weigh  35.06  grains;  and  at  the  tem- 
perature of  60°,  the  same  quantity  would  weigh  34.70. 
Messrs.  Allen  and  Pepyshave  determined  100  cubic  inches 
to  weigh  33.82  gi-ains,  the  barometer  being  30,  and  ther- 
mometer 60°.  By  Biot  and  Arajo  its  specific  gravity  ig 
stated  to  be  1.10359. 

2.  All  combustible  bodies  burn  in  oxygen  gas  luitk 
greatly  increased  splendour. 

(a)  A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  let 
down  into  a  vessel  of  this  gas,  burns  with  great  brilliancy, 
pi.  iv.  fig.  38.  If  the  taper  be  blown  out,  and  let  down 
into  a  vessel  of  the  gas  while  the  snuff  remains  red  hot,  it 
instantly  rekindles,  with  a  sliglit  explosion. 

(Z»)  A  red  hot  bit  of  chai  coal,  fastened  to  a  copper  wire, 
and  immersed  in  the  gas,  throws  out  beautiful  sparks. 

(c)  The  light  of  phosporus,  burnt  in  this  gas,  is  the 
brightest  that  can  be  in  any  mode  produced.  Let  the 
phosphorus  be  placed  in  a  small  liemispherical  tin  cup, 
which  may  be  raised  by  means  of  the  wire  stand,  pi.  ii. 
fig.  25,  two  or  three  inches  above  the  surface  of  water 


*  In  this  as  in  several  other  instances,  where  a  gas  is  said 
not  to  be  absorbed  by  water,  the  assertion  is  not  to  be  taken 
strictly,  but  merely  as  implying  that  only  a  minute  and  diffi- 
cultly appreciable  portion  is  absorbed.  The  precise  propor- 
tion of  each  gas  absorbed  by  water  is  stated  in  the  Appendix, 
in  the  form  of  a  table. 
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contained  in  a  broad  shallow  dish.  Fill  a  bcll-shaped  re- 
ceiver, having  an  open  neck  at  the  top,  to  which  a  com- 
pressed bladder  is  firmly  tied,  with  oxygen  gas ;  and,  as  it 
stands  inverted  in  water,  press  a  circular  piece  of  paste- 
board, rather  exceeding  the  jar  in  diameter,  over  its 
mouth.  When  an  assistant  has  set  fire  to  the  phosplionis, 
cover  it  instantly  witli  the  jar  of  oxygen  gas,  retaining  the 
pasteboard  in  its  place,  till  the  jar  is  immediately  over  the 
cup.  When  this  has  been  skilfully  managed,  a  very  small 
portion  only  of  the  gas  will  escape ;  and  the  inflammation 
of  the  phosphoms  will  be  extremely  brilliant.  The  ex- 
panded gas  rises  into  the  flaccid  bladder,  and  is  thus  pre- 
vented from  escaping  into  the  room,  and  proving  dis- 
agreeable by  its  suttbcating  smell. 

(d)  Substitute,  for  the  phosphorus  in  experiment  c,  a 
small  ball  formed  of  turnings  of  zinc,  and  in  which  about 
a  grain  of  phosphorus  is  inclosed.  Set  fire  to  the  phos- 
phorus, and  cover ,  it  expeditiously  with  the  jar  of  oxygen. 
The  zinc  will  be  inflamed,  and  will  burn  with  a  beautiful 
white  light.  A  similar  experiment  may  be  made  with  me- 
tallic arsenic,  which  may  be  moistened  with  spirit  of  tur- 
pentine. The  filings  of  various  metals  may  also  be  in- 
flamed, by  placing  them  in  a  small  cavity,  formed  in  a 
piece  of  charcoal,  igniting  the  charcoal,  and  blowing  on 
the  part  containing  the  m.etal  a  stream  of  oxygen  gas. 

{e)  Procure  some  thin  harpsichord  wire,  and  twist  it 
round  a  slender  rod  of  iron  or  glass,  so  as  to  coil  it  up  in  a 
spiral  form.  Then  withdraw  the  rod,  and  tie  a  little  thread 
or  flax  round  one  end  of  the  wire,  for  about  one  20th  of  an 
inch  3  which  end  is  to  be  dipped  into  melted  sulphur. 
The  other  end  of  the  wire  is  to  be  fixed  into  a  cork;  so 
that  the  spiral  may  hang  vertically  (fig.  39).  Fill,  also, 
with  oxygen  gas,  a  bottle  capable  of  holding  about  a  quart, 
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and  set  it  with  its  mouth  upwards.  Then  light  the  sul- 
phur, and  introduce  the  wire  into  the  bottle  of  gas,  sus- 
pending it  by  the  cork.  The  iron  will  burn  with  a  most 
brilliant  light,  throwing  out  a  number  of  sparks,  which  fall 
to  the  bottom  of  tlie  bottle,  and  generally  break  it.  This 
accident,  however,  may  frequently  be  prevented  by  pour- 
ing sand  into  the  bottle,  so  as  to  lie  about  half  an  inch 
deep  on  the  bottom  (see  pi.  iv.  fig.  39).  According  to 
Mr.  Accum  (Nicholson's  Journal,  8vo.  i.  320),  a  thick 
piece  of  iron  or  steel,  such  as  a  file,  if  made  shai-p  pointed, 
may  be  burnt  in  oxygen  gas.  A  small  bit  of  wood  is  to  be 
stuck  upon  its  extremity,  and  set  on  fire,  previously  to  im- 
mersion in  the  gas. 

(/)  A  little  of  Romberg's  p)Tophoms,  a  substance  to 
be  hereafter  described,  when  poured  into  a  bottle  full  of 
this  gas,  immediately  flashes  like  inflamed  gunpowder. 

III.  During  eve7y  combustion  in  oxygen  gas,  the  gas 
suffers  a  considerable  diminution. — ^To  exhibit  this,  ex- 
perimentally, in  a  manner  perfectly  free  from  all  sources 
of  error,  would  require  such  an  apparatus  as  few  but  adepts 
in  chemistry  are  likely  to  possess.   The  apparatus  required 
for  this  purpose  is  described  in  the  6th  chapter  of  Lavoi- 
sier's Elements.    The  fact  may,  however,  be  shown,  less 
accurately,  in  the  following  manner:  Fill,  with  oxygen  gas, 
a  jar  of  moderate  size,  which  has  a  neck  and  ground-glass 
•topper  at  the  top.    Then,  with  the  assistance  of  a  stand, 
formed  of  bent  uon  wire  (pi.  ii.  fig.  25),  place  a  shallow 
tin  vessel,  containing  a  bit  of  phosphorus  or  sulphur,  three 
or  four  inches  above  the  level  of  the  water  of  a  pneumatic 
trough.    Invert  the  jar  of  oxygen  gas,  cautiously  and  ex- 
peditiously, over  this  cup,  so  as  to  confine  it,  with  its  con-  | 
tents,  in  the  gas,  and,  pressing  down  the  jar  to  the  bottom 
of  the  ti  ough,  open  the  stopper.    A  quantity  of  gas  will 
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immediately  rush  out,  and  the  water  will  rise  to  the  same 
level  within  the  jar  as  without.  When  this  has  taken 
place,  set  fire  to  the  sulphur  or  phosphorus  hy  a  heated 
iron  wire,  and  instantly  put  in  the  stopper.  The  lh*st  effect 
of  the  combustion  will  be  a  depression  of  tlie  water  within 
the  jar ;  but  when  the  combustion  has  closed,  and  the 
vessel  has  cooled,  a  considerable  absorption  will  be  found 
to  have  ensued. 

Those  persons  who  are  possessed  of  a  mercurial  appa- 
ratus may  repeat  this  experiment  in  a  less  exceptionable 
manner.  On  the  surface  of  the  quicksilver  let  a  small 
hemispherical  cup  float,  made  of  untinned  sheet-iron  j 
and,  in  order  to  keep  it  from  the  sides  of  the  jar,  it  may 
rest  on  a  wire-stand,  shaped  like  the  figure  43,  plate  iv. 
Liet  a  jar,  the  height  and  diameter  of  which  must  be  re- 
gulated by  the  size  of  the  mercurial  trough,  be  filled  with 
oxygen  gas  over  water,  and  be  removed,  by  means  of  a 
piece  of  pasteboard,  as  before  described,  to  the  mercurial 
bath,  inverting  it  dexterously  over  the  tin  cup.  If  the 
phosphorus  had  been  previously  set  on  fire,  a  large  quan- 
tity of  the  gas,  expanded  by  the  heat,  would  have 
escaped,  and  would  have  prevented  the  accurate  measure- 
ment of  the  absorption.  After  drying  the  surface  of  the 
mercury  within  the  jar  by  blotting  paper,  a  portion  of  the 
included  gas  must,  therefore,  be  removed.  This  is  done 
by  an  inverted  syphon,  one  leg  of  which  is  to  be  intro- 
duced (in  the  same  manner  as  is  shown  at  fig,  41,  g) 
within  the  jar  before  placing  it  over  the  ma«3ury ;  and  the 
gas  will  be  forced  through  the  open  eAemity  of  the 
other,  when  the  jar  is  pressed  down  into  tie  quicksilver. 
When  the  proper  quantity  has  been  expelle*,  remove  the 
s}'phon.  Tlie  cup,  containing  the  phosphoivs,  will  thus 
rest  on  the  surface  of  the  quicksilver  within  the  jar,  and 
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above  the  level  of  the  mercury  without.  Tlie  phosphorus 
is  to  be  inflamed  by  passing  a  crooked  iron  wire,  made  red 
liot,  tluough  the  quicksih'er.  On  the  first  impression  of 
the  heat  aiising  from  its  combustion,  the  included  gas  will 
be  considerably  expanded ;  but  when  the  phosphorus  has 
ceased  to  bum,  a  considerable  absorption  will  be  found  to 
have  taken  place,  the  amount  of  which  may  be  measured 
by  ascertaining  the  height  of  the  quicksilver  within  the 
jar,  before  and  after  the  experiment.  The  quantity  of 
phosphorus  employed  should  be  very  small,  and  should 
not  beai-  a  greater  proportion  than  that  of  10  grains  to  each 
pint  of  gas;  otherwise  the  combustion  will  go  on  so  far  as 
to  endanger  the  breaking  of  the  jar,  by  the  approach  of  the 
inflamed  phosphprus. 

In  this  process,  a  white  dense  vapour  is  produced,  which 
concretes  on  the  inner  surface  of  the  jar  in  flakes.  This 
substance  has  strongly  acid  properties ;  and,  being  formed 
by  the  union  of  oxygen  with  phosphorus,  is  tenned  the 
phosphoric  acid. 

The  diminution  of  the  volume  of  oxygen  gas,  by  the 
combustion  of  other  bodies,  may  be  ascertained  in  a  simi- 
lar manner.  When  the  substance  employed  is  not  easily 
set  on  fire,  it  is  proper  to  enclose,  along,  and  in  contact 
with  it,  a  small  bit  of  phosphorus,  the  combustion  of  which 
excites  sufficient  heat  to  inflame  iron-turnings,  charcoal, 
&c.  In  the  instance  of  charcoal,  however,  though  that 
substance  undergoes  combustion,  no  absorption  ensues; 
because,  as  will  appear  in  the  sequel,  the  product  is  a  gas, 
occupying  exactly  the  same  bulk  as  the  oxygen  gas  sub- 
ynitted  to  experiment. 

IV.  All  ladies,  hy  comhustion  in  oxygen  gas,  acquire 
an  addition  to  their  weight ;  and  the  increase  is  in  pro- 
portion to  the  qicajitify  of  gas  absorbed,  viz.  about  one  5d 
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of  a  grain  for  every  cubic  inch  of  gas. — ^To  prove  this  by 
experiment,  requires  also  a  complicated  apparatus. 

But  sufficient  evidence  of  this  fact  may  be  obtained  by 
the  following  very  simple  experiment.  Fill  the  bowl  of  a 
tobacco  pipe  with  iron  wire  coiled  spirally,  and  of  known 
weight :  let  the  end  of  the  pipe  be  slipped  into  a  brass 
tube,  which  is  screwed  to  a  bladder  filled  with  oxygen  gas: 
heat  the  bowl  of  the  pipe,  and  its  contents,  to  redness  in 
the  fire,  and  then  force  through  it  a  stream  of  oxygen  gas 
from  the  bladder.  The  iron  wire  will  burn;  will  be 
rapidly  oxydized  ;  and  will  be  found,  when  weighed,  to  be 
considerably  heavier  than  before.  When  completely 
oxydized  in  this  mode,  100  parts  of  iron  wire  gain  an 
addition  of  about  30. 

V.  Every  substance,  capable  of  tmion  with  oxygen, 
affords,  by  combustion,  either  an  oxide,  an  acid,  or  an 
alkali. — Wlien  a  body,  by  being  burnt  in  oxygen  gas, 
affords  a  compound,  which  has  none  of  those  qualities  that 
characterize  acids  or  alkalis,  we  denominate  this  product 
an  oxide.  If  we  collect,  for  example,  the  u'on  wire, 
which  was  burned  in  the  last  experiment,  we  shall  find 
that  it  has  lost  all  its  metallic  qualities ;  and  has  become  a 
brittle  dark  coloured  substance  totally  destitute  of  lustre 
and  of  taste,  and  termed  an  oxide  of  iron.  But  if,  instead 
of  iron  wire,  we  had  burned  a  quantity  of  sulphur  in 
oxygen  gas,  the  result  would  have  been  that  the  water, 
which  confined  the  gas,  would  have  become  acid  or  sour. 
Potassium  on  the  contrary  (one  of  the  new  metals  dis- 
covered by  Mr.  Da%7),  would  have  yielded  an  alkali  under 
the  same  circumstances.  Hence  the  extensive  class  of 
combustible  bodies  may  be  subdivided  into  three  orders, 
1st,  those  which  afford  oxides  by  combustion;  2dly,  those 
which  yield  acids ;  and  3dly,  those  which  give  alkalis.  In 


184 


GASES. 


CHAP.  V. 


many  instances,  however,  a  body  Is  capable  of  passing 
through  the  intermediate  state  of  an  oxide,  before  it  is 
converted  either  into  an  acid  or  an  alkali. 

VI.  Oxygen  gas  sujjports,  eminently,  animal  life. — It 
will  be  found  that  a  mouse,  bird,  or  other  small  animal, 
will  live  sIk  times  longer  in  a  vessel  of  oxygen  gas,  than  in 
one  of  atmospherical  air  of  the  same  dimensions. 

VII.  Tlvis  effect  seems  cmnected  with  the  absorption 
of  oxygen  by  the  blood, — Pass  up  a  little  dark-coloured 
blood  into  a  jar  partly  filled  with  oxygen  gas,  and  standing 
over  mercury.  The  gas  will  be  in  part  absorbed,  and  the 
colo\ir  of  the  blood  will  be  changed  to  a  bright  and  florid 
red.  This  change  to  red  may  be  shown,  by  putting  a  little 
blood  into  a  common  vial  filled  with  oxygen  gas,  and 
shaking  it  up. 


SECTION  in. 

Nitrogen  or  Azotic  Gas, 

After  separating,  from  any  quantity  of  atmospherical 
air,  all  the  oxygen  which  it  contains,  there  remains  a  gas 
which  was  called  by  Lavoisier  azotic  gas,  a  name  applied 
to  it  in  consequence  of  its  unfitness  for  sup}3orting  animal 
life ;  and  derived  from  the  Greek  privative  a  and  vita, 
Tliis,  however,  as  being  merely  a  negative  property,  has 
since  been  deemed  an  improper  foundation  for  its  nomen- 
clature; and  the  term  nitrogen  gas  has  been  substituted; 
because  one  of  the  most  important  properties  of  its  base  is, 
that  by  union  witli  oxygen  it  composes  nitric  acid.  By 
this  appellation,  therefore,  I  shall  hereafter  distinguish  it. 

Nitrogen  has  been  hitlierto  considered  as  a  simple  or 
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elementary  body ;  but  the  recent  experiments  of  Mr.  Davy, 
which  will  be  described  in  speaking  of  ammonia,  suggest 
that  it  is  a  compound  of  hydrogen  and  oxygen. 

1.  Nitrogen  gas  maybe  procured,  though  not  absolutely 
pure,  yet  sufficiently  so  for  the  purpose  of  exhibiting  its 
general  properties,  in  any  of  the  following  manners:  1, 
Mix  equal  weights  of  iron  filings  and  sulphur  into  a  paste 
with  water,  and  place  the  mixture,  in  a  proper  vessel,  over 
water,  supported  on  a  stand  :  tlien  invert  over  it,  a  jar  full 
of  conmion  air,  and  allow  this  to  stand  exposed  to  the 
mixture  for  a  day  or  two.  The  air  contained  in  the  jar 
will  gradualy  diminish,  as  will  appear  from  the  ascent  of 
the  water  wlhin  the  jar,  till  at  last  only  about  four  5ths  of 
its  original  Wlk  will  remain.  The  vessel  containing  the 
iron  and  sulpliur  must  next  be  removed,  by  withdrawing 
it  through  the  water ;  and  the  remaining  air  may  be  made 
the  subject  of  experiment. 

2.  A  quicker  process,  for  procuring  nitrogen  gas,  con- 
sists in  filling  a  bottle,  about  one  4th,  with  the  solution  of 
nitrous  gas,  in  liquid  sulphate  of  iron,  and  agitating  it  with 
the  air  which  fills  the  rest  of  the  bottle.  During  the  agita- 
tion, the  thumb  must  be  firmly  placed  over  the  mouth  of 
tlie  bottle ;  and,  when  removed,  tlie  mouth  of  the  bottle 
must  be  immersed  in  a  cup  full  of  tlie  same  solution, 
which  will  supply  the  place  of  the  absorbed  air. 

3.  Atmospheric  air,  also,  in  which  phosphorus  has 
burned  out,  affords,  when  time  has  been  allowed  for  the 
condensation  of  the  phosphoric  acid,  tolerably  pure  nitrogen 
gas. 

II.  Nitrogen  gas  has  the  following  properties : 

1.  It  is  not  absorbed  by  water. 

2.  It  is  a  Utile  lighter  than  atmospheric  air,  100  cubic 
inches  being  found  by  Mr.  Davy  to  weigh  30.04  grains 
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under  a  pressure  of  30  inches,  and  at  the  temperature  of 
55°  Fiilirenheit.  At  60°  Fahrenheit  100  inches  weigh, 
therefore,  29.73  grains.  According  to  Biot  and  Arajo,  its 
specific  gravity  is  0.96.913. 

3.  It  immediately  extinguishes  a  Hghted  candle,  and  all 
otlier  burning  substances. 

Even  phosphorus,  in  a  state  of  active  inflammation,  is 
immediately  extinguished  when  immersed  in  nitrogen  gas. 
This  is  best  shown  by  placing  the  burning  phosphorus  in  a 
tin  cup,  raised  by  a  stand  above  the  surface  of  the  water, 
and  quickly  inverting  over  it  a  jar  filled  with  nitrogen  gas. 

4.  It  is  fatal  to  animals  that  are  confined  in  it. 

5.  When  mixed  with  pure  oxygen  gas,  in  the  proportion 
of  four  parts  to  one  of  the  latter,  it  composes  a  mixture 
resembling  atmospheric  air  in  all  its  properties.  Of  this 
any  one  may  be  satisfied,  by  mixing  four  parts  of  azotic 
gas  with  one  of  oxygen  gas,  and  immersing,  in  the  mixture, 
a  lighted  taper.  The  taper  will  burn  as  in  atmospherical 
air. 


SECTION  IV. 

Atmospheric  Air. 

The  air  of  our  atmospliere,  it  appears,  therefore,  froni 
the  foregoing  facts,  is  a  mixture,  or  possibly  a  combination, 
of  two  different  gases,  viz.  oxygen  gas  and  azotic  gas. 
The  former  of  these  two  seems  to  be  the  only  ingredient 
on  which  the  effects  of  the  air,  as  a  chemical  agent,  de- 
pend. Hence  combustible  bodies  burn  in  atmospheric  air, 
only  in  consequence  of  the  oxygen  gas  which  it  contains  j 
and,  when  this  is  exhausted,  air  is  no  longer  capable  of 
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supporting  combustion*.  Its  analysis  is  most  satisfactorily 
and  beautifully  demonstrated  by  the  action  of  heated  mer- 
cury, as  explained  by  Lavoisier  in  the  third  chapter  of  his 
Elements  of  Chemistry.  By  exposure,  during  12  days, 
to  mercury  heated  in  a  retort ;  a  given  quantity  of  at- 
mospheric air  was  found  to  be  diminished  in  bulk,  and  to 
have  lost  its  property  of  supporting  combustion.  The 
mercury,  also,  had  suffered  a  considerable  change;  apart 
of  it  was  no  longer  a  shining  fluid  metal ;  but  was  changed 
into  red  scaley  particles  3  and  its  weight  was,  also,  a  little 
increased.  These  red  particles  were  collected,  and  dis- 
tilled in  a  retort ;  by  which  operation  a  quantity  of  oxygen 
gas  was  evolved,  precisely  equal  in  bulk  to  what  the  air 
had  lost  in  the  first  part  of  the  experiment.  These  re- 
sults afford  the  most  satisfactory  evidence,  that  the  air  of 
our  atmosphere  is  composed  of  two  distinct  fluids.  The 
one  is  capable  of  yielding  its  base  to  mercury;  and,  when 
separate,  is  eminently  adapted  to  the  support  of  combustion 
and  of  animal  life ;  the  other  is  not  absorbable  by  mercury, 
and  is  destitute  of  both  the  latter  important  qualities. 

Tlie  details  of  this  method  of  analyzing  atmospheric  air 
I  omit  on  account  of  the  extreme  tediousness  of  the  pro- 
cess. Sufficient  evidence  of  its  composition  may  be  ob- 
tained, however,  much  more  expeditiously,  by  the  following 
experiments. 

I.  Burn  a  little  sulphur  or  phosphorus,  in  the  manner 
described,  sect,  ii.  substituting,  for  oxygen  gas,  common 
atmospherical  air.  Tlie  combustion  will,  in  this  instance, 
be  less  vivid ;  will  cease  sooner ;  and  the  absorption,  whea 


*  Certain  combustible  bodies  even  cease  to  burn  in  atm*o- 
spheric  air,  long  before  its  oxygenous  porlion  is  consumed, 
for  reasons  that  will  hereaftar  be  given. 
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the  vessels  have  cooled,  will  be  much  less  considerable 
than  in  die  former  case. 

Tlie  phosphorus,  however,  M'ill  have  absorbed  the  whole 
of  the  oxygen  gas  contained  in  the  air  submitted  to  experi- 
ment ;  and  hence  it  may  be  employed  for  measuring  the 
quantity  of  oxygen  gas  in  a  given  bulk  of  atmospherical 
air.  This  may  be  accomplished,  either  by  its  slow  or  rapid 
combustion.  Berthollet  proposes  {Annales  de  Chi- 
mie,  xxxiv.  78)  to  expose  a  cylinder  of  phosphorus, 
fastened  to  a  glass  rod,  in  a  narrow  glass  vessel,  graduated 
into  equal  parts,  and  standing  full  of  air  over  water. 
(See  fig.  24).  The  phosphorus  immediately  begins  to  act 
on  the  included  air ;  and  in  six  or  eight  hours  its  effect  is 
completed.  Tlie  residuary  azotic  gas  has  its  bulk  enlarged 
about  one  40th,  by  absorbing  a  little  phosphorus;  and, 
for  this,  allowance  must  be  made  in  measuring  the  di- 
minution. 

In  the  eudiometer  of  Seguin,  the  rapid  combustion  of 
phosphorus  is  employed  with  the  same  view.  A  glass  tube, 
open  at  one  end  only,  about  an  inch  in  diameter,  and 
eight  or  ten  high,  is  filled  with,  and  inverted  in,  mercury. 
A  small  bit  of  pliosphorus,  dried  with  blotting  paper,  is 
tlien  introduced,  andj  by  its  inferior  specific  gi'avity,  rises 
to  the  top  of  the  tube,  where  it  is  melted,  by  bringing  a 
red-hot  poker  near  to  the  outer  surface  of  the  glass.  When 
the  phosphorus  is  liquefied,  a  measured  portion  of  the  air 
to  be  examined  is  admitted,  by  a  little  at  once,  into  the 
tube.  The  phosphoms  inflames  at  each  addition,  and  the 
mercury  rises.  When  all  the  au*  under  examination  has 
been  added,  the  red-hot  poker  is  again  applied  to  ensure 
the  completion  of  the  process,  and  the  residuary  gas  is 
transferred  into  a  graduated  measure,  where  its  bulk  is 
caiefuUy  ascertained.    In  this  instance,  about  one  40th 
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the  volume  of  the  residuary  gas  is  to  be  deducted  from  the 
apparent  quantity  of  azotic  gas,  because,  in  this  case  also, 
a  small  portion  of  phosphorus  is  dissolved  by  the  latter, 
and  occasions  a  trifling  expansion.  With  this  deduction, 
atmospheric  air  loses  pretty  accurately  21  parts  out  of  each 
100;  and  contains,  therefore,  21  per  cent,  of  oxygen,  and 
79  of  azote  by  measure*. 

II.  The  inferior  fitness  of  atmospherical  air,  to  that  of 
oxygen  gas,  for  supporting  combustion,  may  be  shown, 
also,  by  a  comparative  experiment  with  two  candles. 
Provide  a  circular  piece  of  lead,  three  inches  diameter, 
and  half  an  inch  thick,  from  the  centre  of  each  of  which 
proceeds  a  perpendicular  iron  wire,  six  or  eight  inches 
hij;h ;  to  the  end  of  this  w'ire  fasten  a  piece  of  wax  taper. 
Set  the  candle,  supported  by  its  stand,  on  the  shelf  of  a 
pneumatic  cistern ;  and  place,  also,  the  conducting  pipe 
from  the  bladder  (e,  fig.  41),  in  the  position  shown  by  the 
figure ;  the  cock  r/,  however,  being  shut.  Then,  having 
the  syphon  g  in  the  inverted  position  shown  in  the  plate, 
sink  the  whole  apparatus  into  the  water.  Part  of  the  air 
in  the  jar  a  will  escape  through  the  syphon,  and  will  be 
replaced  by  water.  When  we  have  left,  in  the  jar,  the 
proper  quantity  of  air,  the  syphon  must  be  removed,  and 
the  jar  returned  to  its  place.  The  level  of  the  water  will 
now  be  considerably  higher  within  than  without  the  re- 
ceiver; and  its  height  must  be  noted.  On  passing  a  suc- 
cession of  electrical  sparks  from  the  conducting  wire  to  the 
bent  pipe,  and  opening  the  cock  d  from  the  bladder  filled 
with  hydrogen  gas,  we  shall  have  a  small  flame,  which  is 


*  Various  other  methods  of  analyzing  atmospherical  air 
will  be  described  in  the  course  of  the  work  References  to 
them  may  be  found  in  the  Index,  article  Eudiometer. 


li)0 


G  A  SES. 


CHAP.  v. 


to  be  extinguished  as  soon  as,  by  its  means,  we  have 
h'ghted  the  candle.  The  candle  may  be  suffered  to  burn 
till  it  is  extinguished ;  and  tlie  duration  of  its  burning,  and 
the  diminution  it  occasions  in  the  air,  are  to  be  noted. 
When  the  combustion  is  repeated  in  the  same  manner, 
but  with  tlie  substitution  of  oxygen  gas,  it  will  be  found 
to  last  considerably  longer,  and  the  diminution  of  volume 
in  the  gas  will  be  much  greater. 

The  same  fact  may  be  demonstrated,  but  less  accu- 
rately, by  a  simple  apparatus.  Provide  two  jars,  each  two 
inches  diameter,  and  12  inches  long,  and  each  having  a 
neck  at  the  top  with  a  compressed  bladder  tied  upon  it. 
Fill  one  of  the  jars,  leaving  the  bladder  empty,  with  oxy- 
gen gas ;  and,  at  the  same  instant,  with  the  aid  of  an  assist- 
ant, invert  both  jars  over  "the  burning  candles,  keeping  the 
oxygen  gas  in  its  place  till  the  jar  is  inverted,  by  a  piece  of 
pasteboard.  In  the  common  air,  the  candle  will  soon  be 
extinguislied ;  but  that  confined  in  oxj'gen  gas  will  burn 
with  much  greater  splendour,  and  will  continue  burning 
long  after  the  other  is  extinguished.  On  the  first  impres- 
sion of  the  flame,  a  quantity  of  expanded  gas  will  rise  into 
each  bladder,  which  is  to  be  pressed  out  at  the  close  of  the 
experiment,  in  order  that  the  absoiption  may  be  compared 
iri  botii  cases.  The  diminution  in  the  jar  of  oxygen  gas 
■will  be  found  greatly  to  exceed  that  of  the  common  air. 

Ili.  Take  two  tubes,  each  a  few  inclies  long,  closed  at 
one  end,  and  divided  into  100  aliquot  parts.  Fill  tlie  one 
wit^i  atmospherical  air,  the  other  with  oxygen  gas,  and 
invert  them  in  two  separate  cups  filled  with  a  solution  of 
sulphuret  of  potash.  The  sulphuret  will  ascend  gradually 
within  the  tube  of  common  air,  till,  after  a  few  days,  only 
about  foiu"  5ths  of  its  original  volume  will  remain  ^ 
but,  in  that  containing  oxygen,  it  will  ascend  much 
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higher,  and,  if  the  gas  be  pure,  will  even  absorb  the 
whole. 

The  explanation  of  this  fact  is,  that  liquid  sulphuret  of 
potash  lias  tlie  property  of  absorbing  oxygen,  but  not  ni- 
trogen. It  therefore  acts  on  atmospheric  air  only  as  long 
as  any  oxygen  gas  remains,  and  may  be  employed  as  a 
means  of  ascertaining  the  quantity  of  this  gas  in  the  at- 
mosphere at  different  times,  and  in  distant  places.  An 
improved  instrument,  thus  graduated,  has  lately  been  em- 
ployed by  Guyton  as  an  Evdiometer^.  (See  Nicholson's 
PhilosophicalJournal,  4to.vol.  i.  page 268;  orTilloch'sPIii- 
losophical  Magazine,  vol.  iii.  page  1 71.)  But  an  apparatus, 
of  much  greater  simplicity,  and  facility  of  application,  is 
that  of  Professor  Hope  of  Edinburgh,  announced  in  Ni- 
cholson's Journal,  8vo.  iv.  210.  It  consists  of  a  small 
bottle,  of  the  capacity  of  20  or  24  drachms  (fig.  28,  pi.  ii.}, 
destined  to  contain  the  eudiometric  liquid,  and  having  a 
small  stopper  at  h.  Into  the  neck  of  the  bottle  a  tube  is 
accurately  fitted,  by  grinding,  which  holds  precisely  a 
cubic  inch,  and  is  divided  into  100  equal  parts.  To  use 
the  apparatus,  the  bottle  is  first  filled  with  the  liquid  em- 
ployed, which  is  best  prepared  by  boiling  a  mixture  of 
quicklime  and  sulphur  with  water,  filtering  the  solution, 
and  agitating  it  for  some  time  in  a  bottle  half  filled  with 
common  air.  The  tube,  filled  with  the  gas  under  exa- 
mination (or  with  atmospherical  air,  when  the  quality  of 
this  compound  is  to  be  ascertained),  is  next  to  be  put  into 
its  place ;  and,  on  inverting  the  instrument,  the  gas  ascends 
into  the  bottle,  where  it  is  brought  extensively  into  contact 
with  the  liquid,  by  brisk  agitation.    An  absorption  ensues ; 


*  Other  eudiometers  will  be  described  hereafter. 
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and,  to  supply  its  place,  the  stopper  b  is  opened  under 
water,  a  quantity  of  which  ruslies  into  the  bottle.  The 
stopper  is  replaced  under  water;  the  agitation  renewed; 
and  these  operations  are  performed  alternately,  till  no- 
farther  diminution  takes  place.  Tlie  tube  a  is  then  with- 
drawn, the  neck  of  the  bottle  being  under  water,  and 
is  held  inverted  in  water  for  a  few  minutes ;  at  the  close  of 
which  the  diminution  will  be  apparent.  Its  amount  may 
be  measured  by  the  graduated  scale  engraved  on  the 
tube. 

To  the  eudiometer  of  Dr.  Hope  there  are,  however,  a  few 
objections.  If  the  tube  a  and  the  stopper  b  are  not  lioth 
very  accurately  ground,  air  is  apt  to  make  its  way  into  the 
instrument,  to  supply  the  partial  vacuum,  occasioned  by 
the  absoqition  of  oxygen  gas.  This  absorption,  also,  oc- 
casions a  diminished  pressure  within  the  bottle ;  and,  con- 
sequentl}^,  towards  the  close  of  each  agitation,  the  absorp- 
tion goes  on  very  slowly.  Besides,  the  eudiometric  liquid 
is  constantly  becoming  more  dilute  by  the  admission  of 
water  through  b.  To  oln  iate  all  these  difficulties,  I  have 
substituted,  for  the  glass  bottle,  one  of  elastic  gimi,  as 
shown  by  fig.  21,  Z>.  The  tube  a  is  accurately  ground 
into  a  short  piece  of  very  strong  tube  of  wider  bore,  as 
shown  at  r,  the  outer  surface  of  which  is  made  rough  by 
grinding,  and  shaped  as  represented,  that  it  may  more 
effecttially  retain  the  neck  of  the  elastic  bottle  wdien  fixed 
by  string.  Tliis  instrument  is  used,  in  every  respect,  in  the 
same  way  as  Dr.  Hope's.  The  only  difficulty  is,  in  return- 
ing the  whole  of  the  residuary  gas  into  the  tube  ;  but  tlie 
art  of  doing  this  will  be  acquired  by  practice. 

An  ingenious  modification  of  the  eudiometer,  whicli  ena- 
bles us  to  measure  an  absoqjtiou  of  only  xTsV-oth  part  of  the 
gas  employed,  is  described  by  Mr.  Pepys,  in  the  Philoso- 
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plilcfil  Tnmsactions  for  ISO/,  or  Pliilosoplwcal  MagazIiiCy 
V()l.  xxix. 

IV.  Atmospheric  air  mijiisfers  to  the  sujyjmt  of  ani- 
mill  life,  onhj  in  consequence  of  the  oxygen  gas  ivhich 
it  contains. — Air,  after  having  been  received  into  tlic 
Itings,  and  again  expired,  is  found  to  have  lost  considerably 
of  its  oxygenous  part,  viz.  10  to  12  per  cent.  It  proves 
fatal  to  animals,  however,  long  before  this  purer  pcft'tion  U 
wholly  exhausted ;  and  hence  it  appears,  that  a  considera- 
ble portion  of  oxygen  gas  Is  even  necessary  to  fit  the  air 
for  supporting  respiration.  As  the  analysis  of  expired  air 
requires  an  acquaintance  with  another  gas,  not  hitherto  de- 
scribed, vin,  carbonic  acid,  its  examination  will  be  post- 
poned to  a  future  occasion. 

V.  Atniospheric  air  is  diminished  in  volume  hy  ani- 
■uial  respiration. — This  may  be  showm  by  repeating  a  very 
simple  experiment,  orlgiiially  contrived  by  Mayow.  He 
confined  a  mouse  in  a  small  glass  jar,  and  tied  tlie  jar 
over,  quickly  and  firmly,  with  moistened  bladder.  The 
heat  of  tlie  animal  first  expanded  the  air,  and  rendered 
the  bladder  convex  outwards  j  but  when  the  animal  after 
death  had  become  cold,  the  Wadder  exhibited  a  hollow 
surface,  proving  that  the  air  within  was  diminished  in 
its  bulk. 

The  exact  amount  of  the  diminution  may  be  shown,  by 
confining  a  mouse,  over  water,  in  a  graduated  jar,  furnished 
with  a  stop-cock,  and  containing  common  air.  As  the 
lieat  of  the  animal,  however,  would  occasion  the  expulsion 
of  part  of  the  air,  it  is  expedient,  on  first  depressing  tlie 
jar  into  water,  to  open  the  cock,  through  which  a  part  of 
the  air  will  escape :  tlie  cock  is  then  to  be  shut,  and  the 
height  of  the  water  within  to  be  accurately  noted.  At  first, 
the  level  will  be  depressed,  in  consequence  of  the  expan- 
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sion  of  tiic  air  by  the  warnitli  of  the  aiihiial but,  after  its. 
death,  a  cousiderable  diminution  will  be  observed. 

VI.  The  weight  of  a  given  volume  of  atmospheric  air, 
at  ()0°  Falu-enheit  and  fiO  inc])es  barometer,  is  said  by 
Mr.  Kirwan  to  be  30.92  grains.  Mr.  Davy  states  it,  when 
under  the  same  pressure,  but  at  .5.5°  Fahrenheit,  to  be 
31.10  grains,  from  which  may  be  deduced  that,  with  the 
temperature  and  pressure  assumed  by  Mr.  Kirwan,  100 
inches  would  weigh  .30.78  grains. 


SECTION  V. 

Jli/drogen  Qast 

The  rnost  simple  form,  in  whicli  hydrogen  has  In- 
tberto  been  obtained,  is  in  that  of  a  gas,  or  of  union  with 
caloric,  and  perhaps  with  electricity  and  light.  From  this 
combination  we  are  not  able  to  separate  it,  except  by  avail- 
ing ourselves  of  the  affinity  of  some  otlier  substance,  in 
wliich  case  the  hydrogen  separates  from  ttie  caloric,  and 
forms,  with  the  body,  which  has  been  added,  a  new  combi- 
nation. Of  its  nature,  we  know  but  little ;  but  as  it  has 
hot  yet  been  resolved  into  any  more  simple  state,  it  is 
still  arranged  among  elementary  bodies.  From  the  recent 
experiments  of  Mr.  Davy  (which  will  be  described  under 
tlie  article  ammonia),  it  appears  not  improbable  tliat  hy- 
drogen is  a  metallic  body. 

The  most  important  compound  of  h\'drogen,  and  the 
only  one  which  will  be  noticed  at  present,  is  that  which  it 
affords  by  union  with  the  base  of  oxygen  gas.  It  is  on  its 
affinity  for  this  base  that  all  the  properties  depend,  which 
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urc  illustrated  by  the  following  experiments.  Mueli  of  the 
force  of  this  attraction,  it  will  appear  prolmble  from  the 
j^eqiu'l,  depends  on  its  being  in  a  state  of  opposite  elccti-i- 
city  to  oxygen;  for  in  conniion  with  all  influnnnable  sub- 
:-tances  it  is  naturally  in  a  state  of  positive  electricity, 

I.  Fo  procure  hi/dt'ogen  gaa,  let  sulphuric  acid,  previ- 
ously diluted  with  five  or  six  times  its  weight  of  w^ater,  be 
poured  on  iron  filings ;  or  on  small  iron  nails ;  or  (what  is 
still  better)  on  zinc*,  granvdated  by  pouring  it  melted  Into 
fold  water,  and  contained  in  a  gas  bottle  or  small  retort. 
An  eflerve.scence  will  ensuC,  and  the  escaping  gas  may  be 
collected  in  the  usual  manner. 

II.  Tliis  gas  has  the  following  properties : 

1.  Jt  remains  permanent  over  water,  or  is  not  ab- 
sorbed in  any  notable  proportion. 

2.  If  is  inJlammahJe.  This  may  be  shown  by  the  fol- 
lowing experiments : 

{a)  Fill  a  small  jar  with  the  gas,  and,  holding  it  with  the 
mouth  downiwards,  bring  the  gas  into  contact  with  the 
flame  of  a  candle.!  Tlie  air  will  take  fire,  and  will  burn  si- 
lently with  a  lambent  flame. 

(Z»)  Fill  with  this  gas  a  bladder  which  is  furnished  with 
a  stop-cockj  and  witli  a  small  pipe,  of  diameter  less  than 
that  of  a  common  tobacco  pipe.  Press  the  air  out  through 
the  pipe,  and,  on  presenting  a  liglited  candle,  the  stream 
will  take  fire.  If  this  apparatus  cannot  be  procured,  a  very 
>iinple  contrivance  will  answer  the  purpose  :  break  off  part 
of  an  eight-ounce  vial,  within  an  inch  or  two  from  tha 
bottom,  by  setting  fire  to  a  string  tied  round  it,  and 


*  Zinc  may  be  purchased  the  brass-founders  or  copper* 
fmiths,  under  the  name  of  speltre. 
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moistened  with  spirit  of  turpentine.  Tiie  vial  will  then 
resemble  a  jar  with  an  open  neck  at  the  top.  Next  bore  a 
small  iiole,  through  a  cork  that  fits  the 'neck  of  the  vial,  and 
insert  in  it  part  of  a  common  tobacco  pipe,  which  may  be 
fixed  into  the  neck  of  tlie  bottle,  by  a  cement  of  resin  and 
bees-wax.  Then  fill  the  bottle  with  water,  and  hold  it, 
with  the  thumb  pressed  down  on  the  aperture  of  the  pipe, 
while  hydrogen  i^as  is  passed  into  it.  When  the  bottle  is 
full  of  gas,  remove  the  thumb,  press  the  bottle  down  into 
the  water,  and,  on  the  approach  of  a  candle,  the  stream  of 
air  from  the  pipe  will  take  fire. 

Persons,  who  are  provided  with  the  jars  represented  pi.  ii. 
fig.  22,  a,  may  screw  to  the  cock  a  brass  pipe  with  a  small 
aperture.  On  pressing  the  jar,  filled  with  hydrogen  gas, 
into  the  water,  and  opening  the  cock,  the  gas  will  be  forced 
out  in  a  stream,  w  hich  may  be  set  on  fire.  On  this  princi- 
ple are  founded  the  artificial  fireworks  without  smell  or 
smoke.  They  consist  of  pipes,  having  variously  sized 
apertures,  some  of  which  have  a  rotatory  motion ;  but 
their  precise  construction  it  is  impossible  to  describe,  with- 
out very  tedious  details. 

(c)  In  a  strong  bottle,  capable  of  holding  about  fouj- 
ounces  of  water,  mix  equal  parts  of  common  air  and  hydro- 
gen gas.  On  applying  a  lighted  candle,  the  mixture  will 
burn,  not  silently,  as  in  experiment  («),  but  with  a  sudden 
and  loud  explosion.  If  a  larger  bottle  be  used,  it  should  be 
wrapped  round  with  a  handkerchief,  to  prevent  the  glass 
from  doing  any  injury,  in  case  the  bottle  should  be 
i)urst*. 


■  *  These  experiments  may  also  be  made  advantageously,  bv 
means  of  an  apparatus  sold  under  the  name  of  the  iuflamma- 
bit;  air-pislol. 
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{(i)  The  same  expeiiment  may  be  repeated  with  oxygen 
gas,  instead  of  atmospherleal  air ;  changing  the  proportions, 
and  mixing  only  one  part  of  oxygen  gas  witli  two  of  hv- 
drogen.  Tlie  report  will  be  consideral)ly  louder.  The 
bottle  should  be  a  very  strong  one,  and  should  be  wrapped 
round  with  cloth,  to  prevent  an  accident. 

(<')  The  same  experiment  may  be  made  over  water,  by 
means  of  the  electric  spark.  Procure  a  strong  tube,  about 
three  quarters  of  an  inch  diameter,  and  12  inches  long, 
closed  at  one  end  (plate  ii.  fig.  28).  About  a  quarter  or 
half  an  inch  from  the  sealed  end,  let  two  small  holes  be 
drilled,  opposite  to  each  other,  and  into  each  of  these  let 
a  brass  conductor  be  cemented,  so  that  the  two  points  may 
be  distant  from  each  other,  within  the  tube,  about  one  8th 
of  an  inch.  An  apparatus,  serving  the  same  purpose,  and 
much  more  easily  constructed,  may  be  formed  by  hei-me- 
tically  sealing  a  piece  of  braso  wire,  or  still  better  platina 
wire,  into  the  end  of  a  glass  tube  (fig.  29).  With  this 
conductor,  an  internipted  circuit  may  be  formed,  by  intro- 
ducing into  the  tube  a  longer  wire,  one  end  of  which  ter- 
minates one  10th  of  an  inch  from  the  upper  one,  while 
the  other  extends  beyond  the  aperture  of  the  tube.  (See 
fig.  81.)  Into  this  tube,  standing  over  water,  pass  about 
half  a  cubic  inch  of  a  mixture  of  hydrogen  and  oxygen 
gases ;  in  the  proportion  of  two  measures  of  the  former  to 
one  of  the  latter.  Hold  the  tube  firmly,  and  pass  an  elec- 
tric spark  through  tlie  mixed  gases.  For  relieving  the 
shock,  which  is  sometimes  considerable  on  firing,  an  in- 
genious contrivance  of  Mr.  Davy  may  be  employed.  It  is 
described  in  the  Philosophical  Magazine,  xxxi.  3.  An 
immediate  explosion  will  take  place ;  after  which  the  gases, 
if  pure,  and  in  the  proper  proportion,  will  be  found  to  hav^ 
disappeared  entirely. 
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It  is  rarely,  however,  that  the  gases  can  be  used  in  snch 
a  state  of  purity  as  to  leave  absolutely  no  residuum.  To 
determine,  indeed,  the  purity  either  of  the  oxygen  or  hy- 
drogen gas  employed,  it  is  sometimes  necessary  so  to  adjust 
their  proportions,  that  the  wliole  mixture  may  not  be  con- 
densed by  firing.    If,  for  example,  we  wish  to  know  the 
jnirity  of  a  quantity  of  oxygen  gas,  we  are  to  use  about 
three  times  its  bulk  of  hydrogen.    Let  us  suppose  that 
100  measures  of  oxygen  are  detonated  with  300  of  hy- 
drogen gas,  and  that  the  total  400  is  reduced  by  firing  to 
ISO  ;  the  diminution  of  volume  will  be  270.    This  num- 
ber, divided  by  three,  gives  90  for  tire  quantity  of  oxygen ; 
that  is,  the  oxygen  employed  must  have  contained  10  per 
cent,  of  nitrogen  or  of  some  foreign  g(is  not  cpndensible  by 
hydrogen. 

If  atmospherical  air  be  employed,  a  diminution,  though 
not  equal  in  amount,  will  be  produced  by  the  union  of  the 
hydrogen  with  the  oxygen  gas  contained  in  the  air ;  and 
if  a  sufficient  quantity  of  hydrogen  gas  be  employed,  the 
whole  of  the  atmospheric  oxygen  will  thus  be  removed. 
On  this  principle  is  founded  the  Eudiometer  op  Volta, 
which  may  be  constructed,  by  graduating  cither  of  the 
•tubes  already  described,  into  equal  parts,    if,  in  one  of 
these  tubes,  we  mix  300  parts  of  common  air,  and  200  of 
pure  hydrogen  gas,  there  will  remain,  after  the  explosion 
excited  by  passing  an  electric  spark  between  tlie  two 
wires,  about  305  measures.    There  will,  therefore,  have 
been  a  diminution  of  195  measures,  of  whicli  pretty  ex- 
actly one  3d  may  be  estimated  to  be  pure  oxygen.  In 
this  instance,  tiiereforc,  65  of  oxygen  have  been  lost  by 
300  of  air,  or  21  and  a  fraction  per  cent. 

llie  general  rule  for  ascertaining  the  purity  of  air  by 
hydrogen  gas,  may  be  stated  as  follows  :  Add  to  threp 
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measures  of  the  air  under  examination,  two  measures  of 
pure  hydrogen  gas;  inflame-  the  mixture  by  electricity; 
ohser\e  the  dinunution  when  the  vessel  has  cooled ;  and, 
dividing  its  amount  by  three,  we  obtain  pretty  nearly  the 
quantity  of  oxygen  gas  wliich  b\s  been  condensed. 

In  the  reverse  process,  i.  e.  in  determ'mbig  the  puritij 
of  f'}/drogen  gas,  we  mix  it  with  more  oxygen  gas  than  is 
required  for  saturation.  Suppose  that  to  100  of  hydrogen 
gas  we  add  100  of  oxygen,  and  tliat  80  measures  remain 
after  detonation.  The  diminution  will  have  been  120 
measures  ;  and,  of  these,  two  3ds  or  80  measures  are  hy^ 
drogen.  Hence  the  inflammable  gas,  under  examination, 
nmst  contain  20  per  cent,  of  some  other  gas,  which  is 
most  probably  nitrogen.  In  this  way,  we  determine  the 
proportions  of  hydrogen  and  nitrogen  in  any  mixture  com- 
posed of  the  two  gases  onlj'. 

(/")  Tlie  diminution  of  hydrogen  and  oxygen  gases,  by 
the  union  of  their  bases,  may  be  shown  also  by  their  slow 
combustion.  Fill  a  tall  jar  witli  oxygen  gas,  and  fill  also, 
with  hydrogen  gas,  a  bladder  furnished  with  a  stop-cock, 
and  with  a  long  brass  pipe,  bent  like  the  letter  S,  and 
drawn  out  to  a  fine  point  (plate  iv.  fig.  On  pressing 

the  bladder,  a  stream  of  gas  will  issue  from  the  pipe,  which 
may  be  set  fire  to,  and  brought  cautiously  under  the  tall 
inverted  jar  of  oxygen  gas.  By  this  contrivance,  the 
stream  of  hydrogen  gas  will  be  burnt  in  a  confined  poj  tion 
of  oxygen  gas  ;  and,  on  continuing  the  combustion  a  suf- 
ficient length  of  time,  the  water  will  be  seen  to  rise  gra- 
dually within  the  jar.  On  the  first  impression  of  the  heat, 
indeed,  a  quantity  of  gas  will  escape  from  the  jar,  which 
will  render  it  diflicult  to  ascertain  what  degree  of  absorp- 
tion lias  actually  taken  place.    But  this  loss  may  be  pre- 
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vented,  by  using  a  jar  with  a  neck  at  the  top,  to  wliich  a 
compressed  bladder  is  firmly  tied.  The  expanded  air, 
instead  of  escaping  through  the  water,  will  now  fill  the 
bladder  at  the  top  ;  and,  when  the  experiment  has  closed, 
ajidtlic  vessels  have  cooled,  it  may  be  ascertained,  by  press* 
ing  out  the  gas  from  the  bladder,  what  quantity  of  oxygen 
gas  has  been  consumed. 

The  same  experiment  may  be  more  accurately  and  ele- 
gantly made,  with  the  assistance  of  an  apparatus,  which  I 
have  described  in  the  Philosophical  Transactions  for  1808. 
The  description  cannot  be  understood  w'ithout  the  plate, 
which  is  there  given,  and  which  has  been  copied  into  the 
Philosophical  Magazine,  vol.  xxxii.  and  Nicholson's  Jour- 
nal, vol.  xxi.  The  fact  may,  also,  be  shown  by  substituting, 
for  the  bladder  fig.  41)  a  small  gazometer,  containing  a 
measured  quantity  of  hydrogen  gas.  Let  the  bent  pipe  be 
screwed  on  the  cock  of  the  gazometer ;  and  over  its  open 
end,  placed  perpendicularly,  invert  a  jar  of  oxygen  gas. 
Tills  jar  xnuit  be  provided  at  the  top  with  a  metallic  con- 
ductor, screwed  into  a  brass  cap,  as  represented  in  fig.  41  ; 
which  shows  also  the  level  of  the  water  within  the  jar,  at- 
tained by  means  of  a  syphon.  After  noting  the  height  of 
the  water  within,  let  a  rapid  succession  of  electric  sparks 
be  passed  between  the  two  conductors ;  and,  on  opening 
the  cock  at  this  instant,  the  stream  of  oxygen  gas  will  be 
inflamed.  Tlie  end  of  the  pipe  nmst  then  be  so  far  de- 
pressed, that  the  cement  of  the  brass  cap  may  not  be  melted 
by  the  flame ;  and  the  outer  surface  of  the  top  of  the 
vessel  should  be  kept  cool.  WTien  the  gas  is  first  lighted, 
the  oxygen  gas  will  be  suddenly  expanded ;  but,  presently, 
a  rapid  diminution  will  go  on,  till  the  water  rises  above  the 
pnd  of  the  pipe  and  extinguishes  the  flame.    If  pure  oxv's 
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gen.  gas  be  employed,  it  will  be  found,  after  the  experi- 
ment, uninjured  in  its  quality,  and  will  support  the  com- 
bustion of  burning  bodies  as  well  as  before. 

When  the  above  experiment  is  made,  with  the  substi- 
tution of  common  air  for  oxygen  gas,  a  diminution  takes 
place,  but  mucli  less  considerable,  vh.  not  amounting  to 
one  Gth  of  the  original  bulk  of  the  gas. 

(g)  When  a  stream  of  liydrogen  gas  is  burned  under  a 
tvibe,  IS  or  24  inches  long,  a  musical  sound  is  produced. 
The  experiment  may  be  made  in  the  following  manner : 

Into  a  glass  bottle  are  put  iron  filings  and  sulphuric  acid, 
diluted  with  five  or  six  parts  of  water;  and  a  cork  is  fitted 
into  the  neck,  through  which  a  glass  tube  is  passed,  having 
its  upper  extremity  drawn  out  to  a  capillary  bore.  By 
setting  fire  to  the  hydrogen  gas*,  which  escapes  from  this 
extremity,  a  continued  current  or  jet  of  flame  is  produced, 
which  is  allowed  to  pass  into  a  tube  either  of  glass,  earthen- 
ware,* or  metal.  If  the  tube  be  not  too  large,  the  flama 
becomes  smaller  as  it  is  depressed ;  and  when  the  tube 
covers  the  flame  to  a  considerable  depth,  very  clear  sounds 
are  produced.  But,  on  the  contrary,  if  the  tube  be  too 
narrow,  the  flame  will  be  extinguished  ;  and,  in  propor- 
tion as  the  tube  is  enlarged,  the  sound  diminishes  :  so  that 
th(;re  is  a  certain  limit  at  which  it  totally  ceases.  The 
same  happens  when  the  tube  is  too  long.  The  sounds  may 
be  raised  at  pleasure,  by  either  \ising  tubes  of  various 
figures  or  dimensions,  or  made  of  different  substances, 
(See  Nicholson's  Journal,  8vo.  i.  '[  •29,  and  iv.  23.) 


*  The  gas  must  not  be  infl;unc(l,  till  it  has  been  produced 
for  some  tii*e,  and  lias  expelled  all  the  couuuon  air  of  the 
bottle  ;  otherwise  an  explosion  will  happen,  and  the  bottle 
yi  ill  be  burst,  with  some  danger  to  the  operator. 
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(//)  In  a  memoir  lately  read  to  the  National  Institute  of 
Franee,  M.  Biot  aimounces  tiie  iniportant  faet,  that  a  mix- 
ture of  hydrogen  and  oxygen  gases  niay  be  made  to  ex- 
plode by  meehanieal  compression.  A  mixture  of  these 
two  giises  was  introduced  into  a  strong  metallic  syringe, 
furnished  with  a  glass  Ijottom,  and  a  sudden  stroke  given 
to  the  piston.  An  extremely  brilliant  light  appeared, 
accompanied  with  a  loud  detonation  ;  and  the  glass  bot- 
tom was  forcibly  driven  out.  The  repetition  of  this  cx-t 
pcrlment,  it  is  obvious,  must  be  attended  with  consi- 
derable difliculty  and  danger.  {See  Nicholson's  Journal, 
xii.  212.) 

The  combustion  of  hydrogen  and  oxygen  gases  is  suc- 
cessfully applied  to  the  purpose  of  exciting  an  intense 
heat  by  the  blow-pipe.    The  peculiar  construction  of  the 
apparatus  cannot  be  understood  without  a  plate,  which 
may  be  seen  in  the  Annates  de  Clihme,  tom.  xlv.  or  in  the 
14th  volume  of  the  Philosophical  Magazine.    It  may  be 
sufficient  here  to  state,  that  the  gases  are  contained  each 
in  a  separate  gas-holder;  that  they  are  expelled  by  the 
pressure  of  a  column  of  water  obtained  by  lengthening  the 
pipe  h,  fig.  3G ;  and  that  their  mixture  docs  not  take 
place,  till  they  nearly  reach  the  aperture  of  tlic  pipe,  at 
tlic  extremity  of  which  they  are  inflamed.    This  last  pre- 
caution is  of  considerable  importance,  because  a  violent 
and  dangerous  explosion  would  otherwise  happen.  To, 
guard  the  more  eB'ectually  against  this  accident,  it  is  adr 
visa1)le  to  afiix  a  valve,  opening  outwards,  in  the  pipe. 
j)roceeding  from  each  gas-holder,  just  before  the  junction 
of  the  twt). 

3.  Hi/drogen  gas  has  an.  unpleasant  smeU. 
A .  TItough  injianwiahle  itself,  it  extinguishes  burning 
bodies, — Bring  an  inverted  jar,  filled  with  this  gas.  over  the 
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flame  of  a  caudle ;  and  suddenly  depress  the  jar,  so  tliat 
the  lighted  wick  may  be  wholly  surrounded  by  the  gas. 
The  candle  will  immediately  be  extinguished. 

5.  It  is  fatal  to  aninuih. — This  maybe  shown  by  cour 
fining,  in  the  gas,  a  mouse,  or  other  small  animal. 

6*.  It  is  considerably  lighter  than  atmospherical  air. — 
One  hundred  cubic  inches,  thp  barometer  being  30  inches, 
and  the  thermometer  60°,  w^eigh,  according  to  Kirwan, 
12.G13  grains;  according  to  Lavoisier,  2.3/-  grains;  and 
according  to  Fourcroy,  Vauquelin,  and  Seguin,  2.75 
grains.  Messrs.  Biot  and  Arajo  assign  to  it  tlie  specific 
gravity  of  0.0/321. 

(a)  Let  a  jar,  filled  with  this  gas,  stand,  for  a  few 
seconds,  with  its  open  mouth  upwards.  On  letting  down 
a  candle,  the  gas  will  be  fouiid'to  have  escaped. 

(Z»)  Place  another  jar  of  the  gas  inverted,  or  with  its 
mouth  downwards.  The  gas  will  now  be  found  to  remain 
in  the  jar,  being  prevented  from  escaping  upwards  by  the 
bottom  and  sides  of  the  vessel. 

((•)  Fill,  with  hydrogen  gas,  a  bladder  furnished  with  a 
stop-cock;  and  adapt  to  this  a  common  tobacco  pipe. 
Dip  the  bowl  of  the  pipe  into  a  lather  of  soap,  and,  turning 
the  cock,  blow  up  the  lather  into  bubbles.  These  bubbles, 
instead  of  falling  to  the  gioimd,  like  those  commonly  blown 
by  children,  will  rise  rapidly  into  the  air.  On  this  pro- 
perty of  hydrogen  gas,  is  founded  its  application  to  the 
raising  of  balloons. 

{d)  The  experiment  may  be  varied  by  filling  the  bladder 
with  a  miivturc  of  two  parts  of  hydrogen  gas  and  one  of 
oxygen  gas.  Bul^bles,  blown  with  this  mixture,  take  fire 
on  the  approach  of  a  lighted  candle,  and  detonate  witti  a 
joud  report.  It  is  proper,  however,  not  to  set  them  on  fire, 
till  they  arc  completely  detached  from  the  bowl  of  the 
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pipe ;  otherwise  the  contents  of  the  bladder  will  be  ex- 
ploded, with  considerable  danger  to  the  operator. 

In  this  place  a  property  of  hydrogen  gas  may  be  described, 
which  it  possesses  in  common  witii  all  other  aeriform 
bodies,  viz.  a  tendency  to  dilfusi'on  through  any  other 
elastic  fkiid,  with  which  it  may  be  brought  into  contact. 
Common  or  inelastic  fluids  are  capable  of  remaining  in 
contact  with  each  other  for  a  long  time  without  admixtiu'e. 
Thus  if  we  half  fill  a  wine  glass  with  spirit  of  wine  tinged 
with  any  colouring  ingredient,  and  then,  by  means  of  the 
dropping  tul^c,  fig.  15,  introduce  under  it  a  quantity  of 
water,  the  spirit  floats  on  the  water,  and  the  two  surfaces 
remain  perfectly  distinct,  provided  we  carefully  avoid  agi- 
tation or  unequal  changes  of  temperature.  But  this  is  not 
tl\e  case  witli  clastic  fluids  or  gases,  which,  it  has  been 
discovered  by  IMr.  Dalton*,  penetrate  eacli  other,  and  be- 
come thoroughly  mixed  under  all  circumstances.  The 
fact,  witli  respect  to  hydrogen  and  oxygen  gases,  may  be 
proved  by  a  very  simple  apparatus. 

Provide  two  glass  vials,  each  of  the  capacity  of  about 
an  ounce  measure,  and  also  a  tube  open  at  both  ends,  10 
inches  long  and  one  20th  inch  bore.  At  each  end,  the 
tube  is  to  be  passed  through  a  perforated  cork,  adapted  to 
the  necks  of  the  vials.  Fill  one  of  the  bottles  with  hydro- 
gen gas,  and  the  other  with  oxygen  gas ;  place  the  latter 
on  a  table  with  its  mouth  upwards,  and  into  this  insert  the 
tube  secured  by  its  cork.  Then,  holding  tlie  hvdrogen 
liottle  with  its  mouth  downwards,  fit  it  upon  the  cork  at  the 
lop  of -the  tube.  The  two  bottles,  thus  connected,  are  to 
be  sulfcrcd  to  remain  in  this  perpendicular  position.  After 
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Standing  two  or  tliree  liours,  separate  tlie  vlaL",  and  apply 
a  liglited  taper  to  their  mouths,  when  it  will  prohably  oc- 
casion an  explosion  in  each.  The  hydrogen  gas,  though 
neaily  1 4  times  lighter  than  the  oxygen,  must,  therefore, 
have  descended  through  the  tube  from  the  upper  into  the 
lower  vial ;  and  the  oxygen  gas,  contrary  to  what  might 
have  been  expected  from  its  greater  weight,  must  have 
ascended  through  the  tube,  and  displaced  the  lighter  hy- 
drogen. 

Experiments  of  this  kind,  it  has  been  sliown  by  Mr, 
Dalton,  may  be  extended  to  all  the  otlier  gases ;  but  to 
prove  the  effect,  tests  of  a  different  kind  are  necessary, 
which  require  a  previous  knowledge  of  the  properties  of 
these  gases.  They  tend  to  establish  the  conclusion,  that 
a  Ifghtcr  elastic  Jiuid  ran/tot  remaiu  i/jjrjn  a  heavier 
without  admidtitre. 


X 


CHAPTER  VI. 


bv  THE  COMPOSITION,  DECOMPOSITION,  AND  rROPEit- 
TIES  OF  AVATEUi 


SECTION  I. 

Si/)iihesi^,  or  Composition,  of  JFatcr. 

In  chap.  v.  sect.  v.  it  was  stated,  that  oxygen  and  liydrogcri 
gases,  when  fired  over  water,  in  the  proper  proportion, 
wholly  disappear.  To  ascertain  the  nature  of  the  product 
tlms  foi  med,  however,  the  cxyjeriment  must  1)C  repeated 
ovei-  mercury,  in  a  similar  manner,  by  means  of  the  deto- 
nating tube  (pi.  ii.  fig.  28).  ^^llcn  this  is  done  repeatedly, 
it  is  found  that  tlie  product  of  the  combustion  is  that  well 
known  fluid,  water,  \vhiGh  is  thus  proved  to  be  composed 
of  two  elementaiy  ingredients.  The  water,  produced  in 
this  mode,  is  not,  however,  to  be  considered  as  a  compound 
of  the  two  gases,  but  only  of  their  bases ;  for  the  light  and 
caloric,  which  constituted  the  gases,  escape,  in  consider- 
able part,  during  tiie  combustion.  Every  gas,  it  must  be 
remembered,  has  at  lc:ist  two  ingredients  ;  the  one,  gravi- 
tating matter,  whicli,  if  separate.  M  ould  probably  exist  in 
a  solid  or  liquid  form  ;  the  other,  an  extremely  subtile 
fluldj  termed  caloric.  In  t!ic  example  before  us,  caloric 
(and  perhaps  electrieity  and  light)  is  a  common  ingredient 
both  of  hydrogen  and  oxygen  gases  ;  but  the  two  differ  in 
having  cUftcrciit  bases.    The  basics  of  the  One  is  called  by- 
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droj2;en,  of  the  other  oxygen ;  and  water  may,  therefore, 
be  affirmed  to  be  a  compound,  not  of  hydros^en  and  oxygen 
leases,  but  of  hydrogen  and  oxygen.  This  may  be  proved 
in  two  modes,  by  synthesis,  /.  e.  by  joining  together  its  two 
elementary  ingredients ;  and  by  analysis,  in  other  words, 
by  separating  the  constituent  parts  of  water,  and  again 
cxiiibiting  them  in  a  distinct  form. 

I.  Fill,  with  hydrogen  gas,  a  bladder,  furnished  with  a 
stop-cock  and  bent  pipe  (fig.  4],  f),  as  in  the  l;ist  chapter. 
Then  pour  into  a  shallow  earthen  dish  as  much  quicksilver 
ns  will  about  half  fill  it,  and  invert  over  this  a  glass  bell, 
full  of  common  air  and  perfectly  dry.  Expel  tlie  hydro- 
gen g-as  through  the  pipe ;  light  the  stream,  and  bring  it 
imder  the  glass  bell,  by  raising  this,  and  depressing  it  into 
the  mercury,  as  soon  as  the  inflamed  gas  is  introduced.  A 
portion  of  air  wall  escape,  at  first,  in  consequence  of  the 
rarefaction.  As  the  coml)ustion  continues,  water  will  form, 
and  will  condense  on  the  sides  of  the  glass.  This  water 
is  produced  by  the  union  of  hydrogen  with  the  oxygen 
contained  in  atmospheric  air. 

II.  Those  persons  who  are  not  possessed  of  a  sufficient 
quantity  of  quicksilver  to  repeat  the  above  experiment, 
may  substitute  the  following :  procure  a  large  glass  globe, 
capable  of  holding  three  or  four  quarts,  and  having  two 
openings,  opposite  to  each  other,  which  may  be  drawn  out 
for  a  short  distance,  like  the  neck  of  a  retort.  Inflame  the 
stream  of  hydrogen  gas,  and  introduce  it  into  the  centre  of 
the  globe.  The  rarefied  and  vitiated  air  will  ascend 
tlirougli  the  aperture  of  the  globe,  and  a  constant  supply 
of  fresh  air  will  be  furnished  from  beneath.  By  this 
combustion,  a  quantity  of  water  will  be  generated,  which 
will  be  condensed  on  the  inner  surface  of  the  vessel, 

III.  A  simple  and  ingenious  apparatus,  less  costly  than 
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any  other,  intende J  for  the  purpose  of  exhibithig  the  com- 
position of  water,  is  made  by  Mr.  Ciiihl)crtson  of  London. 
It  may  he  seen  described  and  figured  in  Nicholson's  Jour- 
nal, -Ito.  vol.  ii.  page  235 ;  or  in  the  Philosophical  Magazine, 
vol.  ii.  page  31 7  * ;  and  also  in  pi.  iv.  of  this  work,  tig.  .13. 

In  using  this  apparatus,  however,  instead  of  two  glass 
receivers  for  the  oxygen  and  hydi'ogen  gases,  standing  in- 
verted in  a  trough  of  water,  I  employ  a  couple  of  gazo- 
meters;  and  with  this  alteration,  the  experiment  is  more 
easily  n>anaged,  as  well  as  more  striking.  The  apparatus, 
thus  modified,  consists  of  a  large  glass  receiver  or  bottle  a 
(pi.  iv.  fig.  31),  with  an  opening  at  the  bottom,  into 
which  is  cemented  a  piece  of  brass,  perforated  with  two 
holes.  This  brass  piece  is  represented  of  a  larger  size  m 
Hg.  33 ;  the  aperture  a  conveying  the  ox}'gen  gas,  and  b 
the  hydrogen.  Before  commencing  the  experiment,  the 
cock  e,  fig.  34,  is  screwed,  by  means  of  a  collar-jointf,  to 
the  cock  b  of  the  gazometer,  fig.  35,  containing  oxygen 
gas;  and  to  the  cock  by  the  same  means,  is  affixed 
another  gazometer,  filled  with  hydrogen  gas. 

When  it  is  intended  to  ascertain,  accurately,  the  pro- 
jx)rtions  of  gases  consumed  and  of  water  generated,  the 
receiver  a,  previously  weighed,  is  first  exhausted  by  au 
air-pump,  with  which  it  may  be  connected  by  the  female 
screw  at  r.    The  quantity  of  common  air  left  in  the  re- 


*  In  the  same  volume  of  the  Philosophical  Magazine  an 
interesting  account  may  be  consulted  of  the  principal  experi- 
ments on  the  composition  of  water,  accompanied  by  neat  and 
perspicuous  engravings  of  the  apparatus  employed  in  them. 

f  See  pi.  V.  fig.  4-7;  and  the  corresponding  description 
oi  the  structure  of  this  joint,  in  the  explanation  of  the  plates 
at  the  end  of  the  work. 
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trciver  may  be  determined,  by  enclosing  a  gage  within  it. 
if  the  additional  expense  be  not  deemed  an  objection,  it  is 
advisable,  that  after  exhausting  the  receiver,  oxygen  ga"> 
sliould  be  admitted ;  its  contents  be  exhausted  a  second 
time;  and  agiiin  renewed  by  fresh  oxygen  from  the 
gazometcr,  the  .quantity  of  which  may  be  observed  by  the 
graduated  scale.    The  receiver  being  thus  filled  with 
oxygen  gaSj  and  accurately  closed  by  a  cock  at  c,  a  suc- 
cession of  sparks  is  to  be  passed,  Jrom  the  prime  conductor 
of  an  electrical  machine,  between  the  platina  knob  of  the 
bent  wire  within  the  receiver,  and  the  point  of  the  brass 
cone.    While  the  sparks  are  transmitted,  the  cock    is  to 
be  opened.    A  stream  of  hydrogen  gas  will  immediately 
issue  from  the  aperture  at  the  point  of  the  cone,  and  will 
be  Inflamed  by  the  electric  spark,  as  represented  fig.  33. 
The  cock  e  is  now  to  be  opened,  and  the  size  of  the  flame 
of  hydrogen  gas  moderated  by  partly  shutting  the  'cock  d. 
i\s  the  volume  of  hydrogen  gas  consumed  ]&  double  that 
of  the  oxygen  ;  and  the  pipe,  which  transmits  it,  is  of  less 
diameter  than  that  conveying  the  latter,  about  twice  the 
pressure  is  required  to  expel  the  hydrogen.    Tliis  is  given, 
by  lessening,  in  that  proportion,  the  weight  of  the  counter- 
poises (ee,  fig.  35)  of  the  gazometer  containing  hydrogen. 

During  the  combustion,  the  moveable  vessel  c,  fig.  35, 
of  eacli  gazometer  descends ;  and,  by  observing  the  gra- 
duated scales,  it  will  be  seen  that  the  hydrogen  vessel  falls 
twice  as  quick  as  that  which  holds  the  oxygen  gas.  It  is 
necessary  to  keep  the  receiver  a  cool  by  means  of  wet 
cloths;  and,  when  this  is  done,  the  water,  which  is  pro- 
duced, will  form  into  drops  on  the  inside  of  the  receiver, 
and  collect  at  the  bottom.  At  the  conclusion  of  the  ex- 
periment, the  receiver  is  to  be  again  weighed,  and  the  in- 
crease noted.    The  quantity  of  gases  CQiisuraed  is  to  be 
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observed,  and  their  actual  weight  computed,  hy  means  of 
the  table  given  in  the  Appendix.  It  will  be  found,  that 
the  weight  of  water  produced  is  very  nearly  equal  to  that 
of  the  two  gases  expended ;  that  is  to  say,  excluding  de- 
cimals, for  every  hundred  grains  of  water  generated  in  tlie 
receiver,  eighty-five  grains  of  oxygen  gas,  and  fifteen 
grains  of  hydrogen  gas  (equal  by  measure  to  about  250 
cubic  inches  of  the  former,  and  500  of  the  latter),  will 
have  disappeared  from  the  gazometers. 

IV.  By  firing  repeated  portions  of  a  mixture  of  oxygen 
and  hydrogen  gases  over  mercury,  a  sensible  quantity  cf 
water  will  at  last  be  produced. 


SECTION  II. 
Analysis^  or  Dccomposifio?!,  of  Water. 

The  analytic  experiments  on  water  are  of  two  kinds : 
1st,  Such  as  present  us  with  one  of  its  ingredients  only,  In 
a  separate  and  distinct  form ;  2dly,  Such  as  present  us  with 
its  two  component  principles,  the  liydrogen  and  oxygen, 
mixed  together  in  the  state  of  gas. 

I.  Of  the  first  kind  are  the  following : 

1.  Procure  a  gun-barrel,  the  breech  of  which  has  been 
removed,  so  as  to  fomi  a  tube  open  at  each  end.  Fill  this 
with  iron  vrire,  coiled  up  in  a  spiral  form.  To  one  end  of 
the  barrel  adapt  a  small  glass  retort,  partly  filled  with 
water,  and  to  the  other  a  bent  glass  tube,  the  open  end  of 
which  terminates  under  the  shelf  of  the  pneumatic  cistern. 
Let  the  barrel  be  placed  horizontally  (or  rather  with  that 
end,  to  which  the  retort  is  fixed,  a  little  elevated)  in  a 
furnace,  which  has  two  openings  in  its  body  opposite  to 
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each  other.  (PI.  iv.  fig.  40.)  Light  a  fire  in  the  furnace  j 
and,  when  the  gun-harrel  has  become  red-hot,  apply  a 
Jump  under  the  retort.  The  steam  of  the  water  will  pass 
over  the  red-hot  iron,  and  will  be  decomposed.  Its 
oxygen  will  unite  with  tlie  imn ;  and  its  hydrogen  will  be 
obtained  in  the  form  of  a  gas.  lliis  is  the  readiest  and 
cheapest  mode  of  procuring  hydrogen  gas,  when  wanted  in. 
considerable  quantity. 

2.  The  same-experiment  maybe  repeated;  substituting 
an  earthen  tube  for  a  gun-barrel,  and  weighing  the  iron 
wire  accurately,  both  before  and  after  the  experiment. 
The  iron  will  be  found  to  have  gained  weight  very  con- 
siderably ;  and,  if  attention  be  paid  to  the  weight  of  the 
water  that  escapes  decomposition,  by  an  addition  to  the 
apparatus  (fig.  40,  e),  and  to  the  weight  of  the  gases  ob- 
tained, it  will  be  found,  that  the  weight  gained  by  the  Iron, 
added  to  that  of  the  hydrogen  gas,  will  make  up  exactly 
the  weight  of  the  water  that  has  disappeared.  From  ex- 
periments of  this  kind,  conducted  with  the  utmost  atten- 
tion to  accuracy,  as  well  as  from  synthetic  experiments,  It 
appears,  that  water  is  compounded  of  85  per  cent,  oxygen, 
and  15  hydrogen,  by  weight,  very  nearly.  But  as  hydrogen 
gas  is  eleven  times  lighter  than  common  air,  the  proportion 
of  gases,  by  volume,  required  to  form  water,  is  about  two 
of  hydrogen  to  one  of  oxygen  gas.  By  the  decomposition 
of  every  hundred  grains  of  water,  therefore,  the  Iron  em- 
ployed gains  85  grains,  and  becomes  oxidized  j  and  15 
grains  (equal  to  about  500  cubical  Inches)  of  hydrogen  gas 
are  obtained. 

3.  Water  may  be  decomposed,  in  a  similar  apparatus, 
over  charcoal  instead  of  iron.  The  results,  however,  are 
different  in  this  case,  as  will  appear  from  a  subsequent 
eaction. 
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4.  Another  mode  of  effecting  the  decomposition  of 
water  ypt  remains  to  be  mentioned,  in  which  not  the 
hydrogen,  but  the  oxygen,  is  obtained  in  a  gaseous  state. 
This  is  by  the  action  of  living  vegetables ;  either  entire^ 
or  by  means  of  their  leaves  only.  Fill  a  clear  ghiss  globe 
with  water,  and  put  into  it  a  number  of  green  leaves, 
from  almost  any  tree  or  plant.  A  sprig  or  two  of  mint 
will  answer  the  purpose  perfectly  well.  Invert  the  glass^ 
or  place  it,  with  its  mouth  downwards,  in  a  vessel  of  water. 
Expose  the  whole  apparatus  to  the  direct  light  of  the  sun, 
which  will  then  fall  on  the  leaves  surrounded  by  water. 
Bubbles  of  air  will  soon  begin  to  form  on  the  leaves,  and 
will  increase  in  size,  till  at  last  they  rise  to  the  top  of  the 
vessel.  This  process  may  be  carried  on  as  long  as  the 
vegetable  continues  healthy ;  and  the  gas,  when  examined, 
will  prove  to  be  oxygen  gas,  nearly  pure.  In  this  experi- 
ment, the  hydrogen  combines  with  the  plant,  to  the 
nourishment  and  support  of  which  it  contributes,  while  the 
oxygen  is  set  at  liberty. 

II.  The  processes,  by  which  the  elementary  parts  of 
water  are  separated  from  each  other,  and  are  both  obtained 
in  an  aeriform  state,  as  a  mixture  of  hydrogen  and  oxygen- 
gases,  are  dependent  on  the  agency  of  electricity. 

1.  The  first  of  these  experiments  requires  for  its  per- 
formance the  aid  of  a  powerful  electrical  machine.  Thi* 
fact  was  the  discover}'  of  a  society  of  Dutch  chemists ;  and 
the  principal  circumstance,  in  the  experiment,  is  the 
transmission  of  electrical  shocks,  tlu'ough  a  confined 
portion  of  water.  The  apparatus  employed,  in  this  ex- 
periment of  Messrs.  Dieman  and  Van  Troostwyk,  is  a 
glass  tube,  about  one  8th  of  an  inch  diameter,  and  12 
inches  long,  one  of  the  ends  of  which  is  sealed  hermetically^ 
a  gold  wire  being  inserted  at  this  end,  and  projecting 
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about  ail  inch  and  a  half  withhi  the  tube.  About  the 
distance  of  five  8ths  of  an  inch  from  the  extremity  of  this, 
another  wire  is  to  be  fixed,  which  may  extend  to  the  open 
end  of  the  tube.  The  tube  is  next  to  be  filled  with  dis- 
tilled water,  and  to  be  placed  inverted  in  a  vessel  of  tlie 
same.  Wlien  thus  disposed,  electrical  shocks  are  to  be 
passed  between  the  two  ends  of  the  wire,  through  the 
water ;  and,  if  these  shocks  be  sufficiently  strong,  bubbles 
of  air  will  be  formed  at  each  explosion,  and  will  ascend  till 
the  upper  part  of  the  wire  is  uncovered  by  the  water.  As 
soon  as  this  is  effected,  tlie  next  shock  that  is  passed  will 
set  fire  to  tlie  air,  and  the  water  will  rise  again  in  the 
tube,  a  very  small  quantity  of  gas  remaining.  Now,  as 
hydrogen  and  oxygen  gases,  in  a  state  of  admixture,  are 
the  only  ones  that  are  capable  of  being  inflamed  by  the 
electric  shock ;  and  as  there  is  nothing  in  the  tube,  besides 
water,  that  can  afford  them  in  this  experiment,  we  may 
safely  infer,  that  the  evolved  hydrogen  and  oxygen  gases 
arise  from  decomposed  water. 

2.  An  improved  apparatus,  exhibiting  the  same  experi- 
ment, with  less  trouble  to  the  operator,  has  been  invented 
by  Mr.  Cuthbertson,  and  may  be  seen  described  and 
figured  in  Dr.  Pearson's  paper  in  the  Philosophical  Trans- 
actions for  1797j  ox  in  Nicholson's  Journal,  vols.  i.  and 
ii.  4to, 

3.  The  decomposition  of  water  by  galvanic  electricity  is 
a  process  singularly  adapted  to  demonstrate  the  fact  in  a 
simple  and  elegant  manner.  The  manner  of  conducting 
it,  as  well  as  the  results,  will  be  fully  explained,  when  we 
come  to  treat  of  the  general  principles  of  electro-chemical 
science. 
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SECTION  III. 

Properties  and  EJfeds  of  Water*. 

I.  TVater  contains  air.- — This  may  be  shown  by  placing 
^  glass  vessel  of  water  under  the  receiver  of  an  air-pump. 
During  the  exhaustion  of  the  receiver,  bubbles  of  air  will 
^e  seen  to  ascend  very  plentifully,  Much  air  escapes  also 
from  water,  during  ebullition,  and  may  be  collected  by  a 
proper  apparatus.  The  same  fact  may  also  be  exhibited, 
by  filling  a  barometer  tube,  about  32  inches  long,  sealed 
at  one  end,  with  quicksilver,  except  about  four  inches,  and 
the  remainder  with  water.  On  inverting  the  open  end  of 
the  tube  in  quicksilver,  bubbles  of  air  will  be  seen,  in  a 
short  time,  to  rise  from  the  water. 

The  kind  of  gas,  extricated  from  the  water  of  a  spring 
at  a  considerable  distance  from  the  surface,  I  have  made 
the  objectof  experiment.  (PhilosophicalTransactions,1803.) 
From  100  cubic  inches  of  the  water,  or  about  05  wine 
pints,  4.76  cubic  inches  of  gas  were  separated,  of  which 
3.38  were  carbonic  acid  gas,  and  1.3-8  air  of  the  same 
standard  as  that  of  the  atmosphere. 

Evfery  gas  is  absorbed  by  water,  deprived  of  all  or  the 
greatest  part  of  its  air  by  long  boiling.  '^Tlie  quantity,j 
howeve)',  which  water  is  capable  of  absorlaing,  varies  con- 
siderably with  respect  to  the  different  gases.  Those,  o^f 
which  only  a  small  proportion  is  absorbed,  require  violent 
and  long  continued  agitation  in  contact  with  water.  Tho 


*  Whenever,  in  the  course  of  this  work,  water  is  mentioned 
as  an  agent  in  any  chemical  operation,  pure  distilled  water  15 
to  be  understood. 
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following  table  has  been  drawn  up  by  Mr.  Dalton  from  the 
eombhied  results  of  his  own  experiments  and  mine. 

Water  absorbs,  at  the  mean  pressure  and  temperature 
of  the  atmosplicre, 

Of  carbonic  acid  gas  its'own  bulk. 

sulphuretted  hydrogen   do. 

nitrous  oxide    do. 

defiant  gas   4.. 

oxygen  gas   ^. 

nitrous  gas   do. 

carbu  retted  hydrogen   do. 

carbonic  oxide  

azotic  gas   do. 

hydrogen  gas   do. 


Tlie  principle,  on  wliich  gases  are  retained  by  water,  is 
still  a  matter  of  controvei-sy.  By  Berthollet  and  the 
generality  of  chemists,  it  is  ascribed  to  the  exertion  of  a 
chemical  affinity  between  the  gas  and  the  water  j  but  it 
has  been  suggested  by  Mr.  Dalton  («nd  as  appears  to  me 
with  greater  probability)  that  the  fact  may  be  better  ex- 
plained on  mechanical  principles.  A  statement  of  the 
argument  may  be  seen  in  Mr.  Dalton's  "  New  System  of 
Chemical  Philosophy,"  or  in  two  papers,  which  I  have 
published  in  the  eighth  and  ninth  volumes  of  Nicholson's 
Journal. 

II.  liter  is  contained  in  the  air  of  the  atmosphei^e, 
even  during  the  driest  tueather. — Expose  to  the  air,  in  a 
shallow  vessel,  a  little  sub-carbonate  of  potash  or  common 
salt  of  tartar.  In  a  few  days  it  will  have  become  moist,  or 
dcU<jiddatcd.  On  the  same  principle,  water  exposed  to  the 
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air^  in  a  shallow  vessel,  disappears,  being  dissolved  by  the 
atmosphere.  The  quantity  of  water,  that  may  be  extracted 
from  100  cubical  inches  of  air,  at  57°  Fahrenheit  is  0.35 
of  a  grain ;  but,  according  to  Clement  and  Desormes,  at 
54''  Faiu-enheit,  only  0.236  of  a  grain  can  be  detached  by 
exposure  to  muriate  of  lime.  The  experiments,  both  of 
these  chemists  and  of  Mr.  Dalton,  concur  in  proving  that 
at  the  same  temperature,  equal  bulks  of  different  gases 
give  up  the  same  quantity  of  water  to  deliquescent  salts. 
The  portion  of  humidity,  which  they  thus  abandon,  has 
been  called  hygrometric  water.  Whether  they  contain  a 
still  farther  quantity  in  a  state  of  more  intimate  union  and 
not  separable  by  deliquescent  substances,  is  still  undeter- 
mined. ' 

III.  Water  dissolves  a  great  variety  of  $olid  bodies. — 
The  substances,  on  which  it  exerts  this  effect,  are  said 
to  be  soluble  in  water;  and  there  are  various  degrees 
of  solubility.  See.  chap,  i,  and  the  table  in  the  Ap- 
pendix. 

IV.  During  the  solution  of  bodies  in  water ^  a  change 
of  temperature  ensues. — In  most  instances,  an  absorption 
of  caloric  (in  other  words,  a  production  of  cold)  is  at- 
tendant on  solution,  as  in  the  examples  given  in  chap.  iii. 
sect.  2.  But,  in  other  cases,  caloric  is  evolved,  or  heat  is 
produced.  Thus,  common  salt  of  tartar,  during  solution 
in  water,  raises  the  temperature  of  its  solvent ;  and  caustic 
potash,  in  a  state  of  dryness,  does  the  same  still  more 
remarkably.  Both  carbonated  and  pure  potash,  however, 
when  crystallized,  observe  the  usual  law,  and  absorb  caloric 
during  solution.  Now  as  their  difference,  in  the  crystal- 
lized and  uncrystallized  state,  depends  chiefly  on  their 
containing  in  the  former,  but  not  in  the  latter,  water  chcr 
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mically  combined,  we  may  infer,  that  the  cold,  produced 
daring  the  solution  of  salts,  is  occasioned  by  the  conversion 
of  the  water,  which  exists  in  these  bodies,  from  a  solid  to 
a  liquid  form, 

V.  During  the  solution  of  salts  in  water^  a  quantity 
of  air  is  disengaged. — ^This  air  was  partly  contained  me-t 
chanically  in  the  salt,  and  partly  in  the  water.  That  it 
does  not  arise  entirely  from  the  former  source,  is  proved 
by  vaiying  the  experiment  in  the  following  manner.  Let 
an  ounce  or  two  of  sulphate  of  soda  be  put  into  a  vial,  and 
pour  on  this  as  much  water  as  will  completely  fill  the 
bottle.  The  air  contained  in  the  pores  of  the  salt  will  be 
thus  disejigaged  ;  but  only  a  small  portion  of  the  salt  will 
be  dissolved,  agreeably  to  the  principle  laid  down,  chap, 
ii.  7.  Let  the  vial  be  shaken,  and  the  whole  of  the  salt 
will  disappear ;  a  fresh  portion  of  air  being  liberated  during 
solution.  The  air,  that  now  appears,  is  extricated  from 
the  water,  in  consequence  of  the  affinity  between  the 
water  and  the  salt  being  stronger  than  that  between  the 
water  and  the  air.  It  is,  therefore,  a  case  of  single  elective 
affinitv. 

VL  During  the  solution  of  bodies,  the  bulk  of  watef^ 
changes. — ^Take  a  glass  globe,  furnished  with  a  long  nar-r 
row  neck  (commonly  termed  a  mattras,  see  fig.  4),  and 
put  into  it  an  ounce  or  two  of  sulphate  of  soda.  Then, 
add  as  much  water  as  will  fill  the  globe,  and  about  three 
4ths  of  the  neck.  This  should  be  done  with  as  little  agita- 
tion as  possible,  in  order  that  the  salt  may  not  dissolve, 
till  required.  Mark,  by  tying  a  little  thread,  or  by  a 
scratch  with  a  file,  the  line  where  the  water  stands ;  and 
then  agitate  the  mattras.  The  salt  will  dissolve;  air  will 
be  set  at  liberty ;  and,  during  the  solution,  the  water  will 
sink  considerably  below  its  level.    The  contraction  of  bulk 
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is  owing  to  the  dimiiwition  of  temperature ;  and,  when  the 
water  has  regained  its  former  temperature,  it  will  also  be 
found,  that  its  bulk  is  increased  by  the  addition  of  salt. 
The  Bishop  of  I.hmdaff  observed,  tliat  wat^r  exhibits  a 
manifest  augmentation  of  bulk,  by  dissolving  only  the 
two  thousandth  part  of  its  weight  of  salt ;  a  fact  sufficiently 
decisive  against  tiiat  theory,  whicli  supposes  pores  in  water 
capable  of  receiving  saline  bodies  without  an  augmenta- 
tion of  volume. 

VII.  Water  has  ifs  solvent  poiuer  increased,  lyy  dhni- 
nishmg  the  pressure  of  the  atmosphei^e. — Into  a  Florence 
fiaiik,  put  half  a  pound  of  sulphate  of  soda ;  pour  on  it 
barely  a  pint  of  water,  and  apply  heat  so  as  to  boil  the 
water.  Tlie  whole  of  the  salt  will  be  dissolved.  Boil  the 
solution  for  several  minutes  pretty  strongly,  so  as  to  drive 
out  the  air ;  and  cork  the  bottle  tightly,  immediately  on 
its  removal  from  the  fire.  To  prevent  more  completely 
the  admission  of  air,  tie  the  cork  over  with  bladder.  As 
the  vessel  cools,  an  imperfect  vacuum  will  be  formed  over 
the  solution;  for  the  steam,  which  arises  during  the 
ebullition,  expels  the  air,  and  takes  its  place.  The  steam 
is  condensed  again,  when  the  vessel  cools.  The  solution, 
when  perfectly  cold,  may  be  shaken  without  any  effect 
ensuing,  so  long  as  the  vessel  is  kept  closely  stopped  ; 
but,  on  removing  the  cork  and  shaking  tlie  vessel,  the 
solution  will  immediately  congeal,  and  heat  will  be  pro- 
duced. This  experiment,  besides  the  principle  which  it 
is  peculiarly  intended  to  illustrate,  exemplifies  also  the 
general  rule  laid  down,  chap.  iii.  sect.  2.  vi.  viz.  that  ca- 
loric is  always  evolved,  during  the  transition  of  bodies 
fi-om  a  fluid  to  a  solid  state ;  and  it  furnishes  a  fact  exactly 
the  reverse  of  that  in  which  cold  is  produced,  or  calorie 
absorbed,  during  the  solution  of  salts. 
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Vlll.  It  is  uunecessary  to  add  any  thing  to  what  has 
been  aheudy  said  in  a  i'oimer  section,  respecting  the  com- 
bination of  caloric  with  water  constituting  steam ;  or  to 
the  history  of  the  phenomena  attending  its  conversion 
into  ice ;  except  tliat,  during  the  latter  change,  its  bulk  is 
enlarged  in  the  proportion  of  nine  to  eight,  and  that,  in 
consequence  of  tliis  expansion,  water,  during  congelation, 
is  capable  of  bursting  the  strongest  iron  vessels ;  and  be- 
comes specifically  llgliter.  Hence,  ice  swims  always  on 
the  surface  of  the  water. 

It  is  remarkable,  that  this  enlargement  of  tlie  bulk  of 
water  begins  long  before  its  temperature  has  descended  to 
the  freezing  point,  viz.  at  about  40°  Fahrenheit.  Let  a 
thermometer  bulb,  and  part  of  its  tube,  liaving  a  wide 
bore,  be  filled  with  water,  tinged  with  a  little  litmus,  which 
may  be  introduced  by  the  same  means  as  those  already 
directed  for  filling  with  quicksilver.  Immerse  the  ther- 
mometer in  water  of  the  temperature  of  40° ;  and,  when 
the  included  water  may  be  supposed  to  have  attained  the 
same  de^  -ee  of  heat,  remove  the  instrument  successively 
into  waver  of  the  temperature  of  36"  and  32°.  At  each 
immersion,  the  water  will  rise  in  the  tube.  Bring  its 
temperature  again  to  40°,  and  it  will  descend  to  the  same 
point  i\s  before.  Place  it  in  water  of  50°,  and  it  will 
again  be  expanded.  Precisely  similar  effects,  therefore, 
appear  to  result,  in  these  experiments,  from  two  opposite 
causes ;  for  the  bulk  of  water  is  alike  increased  l)y  re- 
ducing or  raising  its  temperature.  It  is  contended,  how- 
ever, by  Mr.  Dalton,  that,  in  the  apparent  expansion  by 
a  lovyer  temperature,  there  is  a  deception,  arising  from 
the  contraction  of  the  glass,  whlc]i  must  lessen  the  capa- 
city  of  the  bulb,  and  force  the  water  up  the  stem.  The 
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question  is  not  yet  decided;  and  is  still  contested  by  Mr. 
Dalton  against  the  experiments  of  Count  Rumford  and  of 
Dr.  Hope.  The  former  philosopher  now  contends,  that 
water  is  of  the  greatest  density  at  36°  of  Fahrenheit,  or  4° 
above  its  freezing  point. 


CHAPTER  VII. 


ONr  THE  CHEMICAL  AGENCIES  OF  COMMON  AND 
GALVANIC  ELECTRICITY. 

THAT  blanch  of  natural  science,  which  comprehends  the 
phenomena  of  Gah'ani$m>  and  the  general  principles  under 
which  tliey  are  arranged,  is  only  of  very  recent  origin.  It 
was  not  till  the  year  1/91,  that  Galv  ani,  an  Italian  philo- 
sopher, being  engaged  in  a  course  of  experiments  on  ani- 
mal irritability,  observed  accidentally  the  contractions, 
tvhich  are  excited  in  the  limbs  of  frogs,  by  applying  a 
conductor  of  electricity  between  a  nerve  and  a  muscle. 
The  theory,  which  he  framed  to  account  for  this  pheno- 
menon, was  that  the  different  parts  of  an  animal  are  in  op- 
posite states  of  electricity,  and  that  the  effect  of  the  metal  is 
merely  to  restore  the  equilibrium.  The  analogy^  however, 
was  afterwards  shown  to  be  without  foundation,  by  Volta, 
who  excited  similar  contractions  by  making  a  connection 
between  two  parts  of  a  nerve,  between  two  muscles,  or 
between  two  parts  of  the  same  muscle  j  but  to  produce 
the  effect  two  different  metals  were  found  to  be  essential. 
Hence  he  was  led  to  infer  that,  by  the  contact  of  different 
metals,  a  small  quantity  of  electricity  is  excited ;  and  to 
the  agency  of  this  electricity,  fii'st  upon  the  nerves,  and 
through  their  mediation  on  the  muscles,  he  ascril>ed  the 
phenomena  in  question. 

Several  years  elapsed,  during  which  the  action  of  gal- 
vanic tlectricity  on  the  animal  body,  and  the  discussion  of 
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its  cause,  chiefly  occupied  the  attention  of  philosophers. 
Early  in  1800,  the  subject  took  a  new  turn,  in  consequence 
of  the  discovery  by  Signor  Volta  of  the  Galvanic  Pile*  ; 
a  discovery  which  has  furnished  us  with  new  and  import- 
ant instruments  of  analysis,  capable,  if  any  such  there  are, 
of  leading  to  a  knowledge  of  the  true  elements  of  bodies. 
From  this  period,  discoveries  have  multiplied  with  a  ra- 
pidity and  to  an  extent,  which  surpass  any  thing  before 
known  in  the  history  of  science ;  and  the  facts  are  now 
become  so  numerous,  that  an  arrangement  and  classifica- 
tion of  them  seem  to  be  preferable  to  an  historical  detail 
in  the  order  of  time.  The  method,  which  appears  to  me 
best  Calculated  to  give  a  distinct  view  of  tlie  subject,  is  to 
describe, 

I.  The  construction  of  galvanic  apparatus,  and  the  cir- 
cumstances essential  to  the  excitement  of  this  modification 
of  electricity : 

If.  The  facts,  which  establish  its  identity  with  the  elec- 
tricity excited  by  ordinary  processes : 

III.  The  agency  of  the  electric  or  galvanic  fluid  in  pro- 
ducing chemical  changes; 

IV.  The  theory,  by  which  these  changes,  in  the  present 
state  of  our  knowledge,  are  best  explained :  And 

V.  Tlie  hypotlieses,  which  have  been  framed  to  account 
for  the  origin  of  the  electricity,  excited  by  galvanic 
arrangements. 


Philosophical  Transactions,  1800,  or  Philosophical 
Magazine,  vii.  28',). 
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SECTION  I. 

Of  the  Coristmction  of  Galvanic  Ana7igcments. 

For  the  excitation  of  ordinary  electricity,  it  is  well 
known  that  a  class  of  substances  are  required,  called 
electrics,  by  the  friction  of  which  the  electric  fluid  is  ac- 
cumulated, and  from  whicli  it  may  l)e  collected  by  a 
different  class  of  bodies  termed  non-electrics  or  conduc- 
tors. When  friction,  for  example,  is  applied  to  the  glass 
cylinder  of  an  electrical  machine,  the  electric  fluid  flows  to 
it  from  surrounding  bodies,  and  from  thence  passes  to  the 
prime  conductor,  in  whicli  it  exists  in  a  greater  than 
natural  quantity.  All  then  that  is  effected,  by  the  action 
of  the  machine,  is  a  disturbance  of  the  natiu-al  quantity  of 
electricity  in  bodies,  or  a  transfer  of  it  from  some  to  others, 
in  consequence  of  which,  while  the  latter  acquire  a  re- 
dundance, the  former  become  proportionally  deficient  in 
their  quantity  of  electricity*. 

The  conditions  necessary  to  the  excitement  of  galvanic 
electricity  are  altogether  different ;  for  the  class  of  bodies, 
termed  electrics,  have  now  no  longer  any  share  in  the 
phenomena.  All  that  is  required  is  the  simple  contact  of 
different  conducting  bodies  with  each  other,  one  or  more 


*  This  theory  appears  to  me  to  have  several  advantages 
over  the  hj'pothesis,  which  supposes  two  different  kijids 
electricity,  capable  by  combination  of  neutralii:iug  eacii 
other.  The  only  modificatiou,  I  would  propose,  is  a  slight 
change  of  terms;  and  the  adoption  of  those  suggested  by  Mr. 
Cuthbertson,  viz.  condensed  and  rarefed,  instead  of  positive 
and  negative  electricity. 
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of  which  must  be  hi  a  fluid  state.  Conductors  of  electri- 
city have  been  divided  into  perfect  and  imperfect,  the. 
former  comprehending  the  metals,  plumbago  and  char- 
coal; the  latter,  or  imperfectj  including  water,  saline  solu- 
tions, acids,  and  animal  fluids* 

The  least  complicated  galvanic  arrangement  is  termed 
A  SIMPLE  GALVANIC  criiCLE.  It  consists  of  three  con- 
ductors, two  of  which  must  be  of  the  one  class,  and  one  of 
the  other  class.  In  the  following  tables,  constructed  by 
Mr.  Davy,  some  different  simple  circles  are  arranged  in  the 
order  of  their  powers,  the  most  energetic  occupying  tlie 
liighest  place. 

tA^LE  OF  SOIMB  GALVANIC  CXRCLBSj 

Composed  of  two  perfect  Conductors  and  one  imperfeci 

Conductor, 


I  Solutions  of  nitric 
I  acid  in  water,  of 
j  muriatic  acid  and 
I  sulplioric  acid, 
&c.  Water  hold- 
ing   in  solution 
oxygene,  atmo- 
spheric air,  &c. 

I  Solution  of  nitrate 
}  of  silver  and  mer- 
jcury.  Nitric  acid, 
'acetous  acid. 
Nitric  acid. 


c 
a 

rr 
05 

'>< 
o 

V 

c 


Zinc. 

Iron. 

Tin. 
Lead. 

Copper. 

Silver. 


O 

c 

3 


a 
o 


With  gold,  char- 
coal, silver,  cop- 
])er,  tin,  irfin, 
mercury. 
.  .  .  gold,  char- 
coal, silver,  cop- 
per, tin. 

.  .  .*  gold,  silver, 
charcoal. 
,  .  .  gold,  silver. 

.  .  gold,  silver. 


gold. 
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TABLE  OF  SOME  GALVANIC  CIRCLES, 

Composed  of  two  imperfect  Comluctors  and  one  perfect 

Coyiductor. 

Solutions  of  nitrous 
acid,  oxygenated 
muriatic  acid,{8cc. 
capable  ot"  acting 
on  all  the  rnetals. 


The  powers  of  simple  galvanic  circles  are  but  feeble ; 
but  they  may  be  made  sufficiently  apparent  by  the  follow- 
ing experiments. 

1 .  When  a  piece  of  zinc  Is  laid  upon  the  tongue,  and  a 
piece  of  silver  under  it,  no  sensation  is  excited,  so  long  as 
the  metals  are  kept  apart ;  but,  on  bringing  them  ii^ito  con- 
tact, a  metallic  taste  is  distinctly  perceived.  In  this  case 
we  have  an  example  of  the  arrangement  of  two  perfect 
conductors  (the  metals)  with  one  imperfect  one  (the 
tongue,  or  rather  the  fluids  which  it  contains).  The  me- 
tallic taste  arises,  in  all  probability,  from  the  excit€ment 
of  a  small  quantity  of  electricity  by  the  contact  of  the 
metals,  and  its  action  on  the  nerves  of  the  tongue. 

2.  A  piece  of  zinc,  immersed  under  water  which  is 
freely  exposed  to  the  atmosphere,  oxidizes  very  slowly; 
but  when  placed  in  the  same  situation,  in  contact  with  a 
piece  of  silver,  its  oxidation  is  much  more  rapid.  By  im- 
jjnersing  iron  and  silver  (also  in  contact  with  each  other) 
under  diluted  muriatic  acid,  the  action  of  the  acid  upon 
the  iron  is  considerably  increased;  and  hydrogen  gas  is 
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evolved  from  the  v/ater,  not  only  where  it  is  In  contact  with 
the  iron,  but  where  it  touches  the  silver.  These  facts  ex- 
plain, why,  in  the  sheathing  of  ships,  it  is  necessary  to  use 
bolts  of  the  same  metal  which  forms  tlie  plates ;  for  if  two 
different  metals  be  employed,  they  both  oxidate  or  rust 
very  speedily,  in  consequence  of  their  forming,  with  the 
water  of  the  ocean,  a  simple  galvanic  circle. 

Of  compound  Galvanic  Circles  oi'  Batteries. 

Galvanic  batteries  are  formed  by  multiplying  those  ar- 
rangements, which  compose  simple  circles.  Thus  if 
plates  of  zinc  and  of  silver,  and  pieces  of  woollen  cloth  of 
the  same  size  as  the  plates  and  moistened  with  water,  be 
piled  upon  each  otlier  (fig.  77?  pl.  ix),  in  the  order  of  zinc, 
silver,  cloth ;  zinc,  silver,  cloth ;  and  so  on,  for  twenty  or 
more  repetitions,  we  obtain  a  galvanic  battery  termed, 
from  its  discoverer,  the  Pile  of  Volta.  The  power  of  such 
a  combination  is  sufficient  to  give  a  smart  shock,  as  may 
be  felt  by  grasping  in  the  hands,  which  should  be  pre- 
viously moistened,  two  metallic  rods,  and  touching  witli 
these  the  upper  and  lower  extremities  of  the  pile.  The 
shock  may  be  renewed  at  pleasure;  until,  after  a  few 
hours,  the  activity  of  the  pile  begins  to  abate,  and  finally 
ceases  altogether. 

The  metals,  composing  a  galvanic  batteiy,  may  be  more 
conveniently  aiTanged  in  the  form  of  a  trough,  a  happy 
invention  of  Mr.  Cruicksliank.  In  a  long  and  naiTovr 
wooden  trough,  made  of  baked  wood,  gi'ooves  are  cut^ 
opposite  to  and  at  the  distance  of  about  one  3d  of  an  inch 
from  each  other ;  and  into  these  are  let  down,  and  secured 
by  cement^  square  plates  of  zinc  and  copper,  previously 
united  together  by  soldering.  (See  figs.  37  and  78.)  The 
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Space,  therefore,  between  each  pan-  of  plates,  forms  a  cell 
for  tl\e  pui-pose  of  containing  the  liquid,  by  which  the  com- 
bination is  to  be  made  active.  Tlie  advantage  of  this  con* 
trivance,  over  the  pile,  is  partly  that  it  is  much  more  easily 
put  in  order  ;  but,  besides  this,  it  is  a  more  efficient  instru- 
ment. When  constmcted  in  the  way  which  has  been  de- 
scribed, it  affords  an  example  of  a  galvanic  combination 
of  the  fii'st  kind,  formed  by  two  perfect  and  one  imper- 
fect conductor.  But  it  admits  of  being  modified,  by  ce- 
menting, into  the  grooves,  plates  of  one  metal  only,  and 
filling  the  cell?,  alternately,  with  two  different  liquids,  as 
diluted  nitric  acid  and  solution  of  sulphuret  of  potash.  In 
tins  case,  we  ha^'e  a  battery  of  the  second  order,  formed 
by  the  repetition  of  one  perfect  and  two  imperfect  con- 
ductors. For  all  purposes  of  experiment,  the  first  kind  of 
arrangement  is  universally  preferred. 

i\nother  modification  of  the  Apparatus,  wliich  may  be 
called  the  Chain  of  Cups^  was  proposed  by  Volta,  at 
the  same  time  that  he  communicated  his  invention  of 
the  Pile ;  and,  from  the  recent  experiments  of  Mr.  Chil- 
dren*, it  appears  to  be  a  very  useful  and  powerful  one.  It 
consists  of  a  row  of  glasses  (see  fig.  75),  such  as  wine 
glasses  or  small  tumblers,  for  the  purpose  of  containing  any 
fluid  that  may  be  selected.  Into  each  of  these  glasses  is 
plunged  a  plate  of  zinc  and  another  of  copper,  each  not 
less  than  an  inch  square,  which  are  not  to  touch  each  other. 
The  plates  of  different  cups  are  connected  by  metallic 
wires  or  arcs,  in  such  a  manner  that  the  zinc  of  the  first 
cup  communicates  with  the  copper  of  the  second;  the 
zinc  of  the  second  with  the  copper  of  the  third  ;  and  so  on 


*  Philosophical  Transactions,  1 809,  page  32. 
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tlirough  the  whole  row.  The  shock  is  felt  on  dipping  tlif? 
fingers  of  one  hand  into  the  fluid  of  the  first  cup,  and  those 
of  the  other  hand  into  the  last  of  the  series.  The  supe- 
riority of  this  arrangement  consists  in  both  surfaces  of  each 
metallic  plate  being  exposed  to  tlie  action  of  the  liquid  j 
whereas,  by  soldering  the  plates  together,  one  of  the  sur- 
faces of  each  is  protected  from  the  liquid,  and  contributes 
nothing  to  the  cifect.  The  common  trough  has  lately 
been  made  to  combine  this  advantage,  by  dividing  it  into 
cells,  not  by  plates  of  metal  b\it  by  j)artitions  of  glass. 
Into  each  of  these  cells,  filled  with  the  proper  liquid,  a 
plate  of  each  metal  is  introduced,  but  not  so  as  to  touch 
each  other.  A  communication  is  then  made,  by  a  metallic 
arc,  between  the  zinc  plate  of  each  cell  and  the  copper  one 
of  the  next,  precisely  as  in  the  chain  of  cups.  More  lately 
the  troughs  themselves  have  been  made  of  earthen  ware,  and 
the  partitions  of  the  same  material;  the  apparatus  being 
completed,  in  other  respects,  in  the  manner  already  de- 
scribed. 

The  size  of  the  plates  has  been  varied  from  one  or  two 
inches  to  several  feet.  For  ordinary  purposes,  plates  of 
two  inches  s(][uare  are  sufficient ;  but  for  the  repetition  of 
Mr.  Da\7's  experiments,  not  less  than  100  pairs  of  plates, 
each  four  inches  square,  are  required  *.  Tlie  enlargement 
of  th'fe  size  of  the  trouglis,  so  as  to  contain  this  number, 
would  be  extremely  inconvenient ;  and  we  may  therefore 
combine  the  power  of  several  troughs,  by  uniting  the  zinc 
end  of  the  one  with  the  copper  end  of  the  other,  by  the  in- 
tervention of  a  metallic  wire. 


*  Some  useful  information  respecting  the  number  and  size 
of  plates,  adapted  to  different  purposes,  is  given  by 
Mr.  Singer  in  Nicholson's  Journal,  vol.  xxiv,  page  174. 
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It  may  be  sufficient  to  add,  in  general  terms,  tliat  every 
combination,  which  is  capable  of"  forming  a  simple  galvanic 
cirele,  may,  by  sufficient  repetition,  be  made  to  compose 
a  battery.  Tlie  combinations,  also,  which  are  most  active 
'  ill  simple  circles,  are  observed  to  be  most  efficient  in  com- 
pound ones.  The  foregoing  tables  of  Mr.  Davy  express, 
therefore,  the  powers  of  compound  as  well  as  of  simple  ar- 
rangements. 

To  construct  a  battery  of  tJie  Jirst  order,  it  is  essential 
that  a  fluid  be  employed,  which  exerts  a  chemical  action 
upon  one  of  the  metals.  Pure  watei-,  entirely  deprived  of 
;iir,  appears  to  be  inefficient.  In  general,  indeed,  the  gal- 
vanic effect  is,  within  certain  limits,  proportional  to  the 
rapidity  with  which  the  more  oxidable  metal  is  acted  upon 
by  the  intervening  fluid.  The  fluid  generally  used  is  nitric 
acid,  diluted  with  20  or  30  times  its  weight  of  water. 
Mr.  Children  recommends  a  mixture  of  three  parts  fuming 
nitrous  acid,  and  one  sulphuric,  diluted  with  thirty  parts  of 
water.  Directions,  also,  respecting  the  best  kind  and 
density  of  acids,  for  producing  galvanic  electricity,  are 
given  by  Mr.  Singer.  From  his  experiments  it  appears, 
that  acid  of  different  densities  is  required  for  different  pur- 
poses. 

Tlie  power  of  the  apparatus  has  been  found  to  be  in- 
creased, when  insulated  by  non-conductors;  and  when 
surrounded  by  an  atmosphere  of  oxygen  gas ;  not  suffici- 
ently, however,  to  make  it  necessary  to  resort  to  either  of 
these  expedients  in  ordinary  crises.  Oxygen  gas  disappears 
in  this  process,  when  carried  on  under  a  receiver ;  and, 
after  all  the  oxygen  is  absorbed,  the  eflPect  ceases,  and  is 
renewed  by  introducing  a  fresh  portion.  When  the  cells 
are  filled  with  diluted  nitric  acid,  the  appjuratus  continues 
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active,  even  under  the  exhausted  receiver  of  an  air-pump, 
or  in  an  atmosphere  of  carbonic  acid  or  nitrogen  gases. 
But  if  the  cells  be  filled  with  water  only,  all  action  is  sus- 
pended, by  placing  it  under  any  of  these  circumstances. 
Hence  it  appears  that  the  oxidation  of  one  or  both  of  the 
metals,  composing  the  trough,  is  essential  to  the  excite-, 
ment  of  galvanic  electricity. 


SECTION  11. 

On  the  mutual  Relation  of  Electricity  and  Galvanism. 

Is  the  influence,  it  may  now  be  inquired,  which  is 
called  into  action  in  a  way  so  different  from  that  employed 
for  the  excitation  of  ordinary  electricity,  identical  with  it 
or  of  a  different  kind  ?  This  question  will  be  decided  by 
examining  whether  any  of  those  phenomena,  which  are 
occasioned  by  the  agency  of  the  electric  fluid,  arc  produced 
also  by  that  of  galvanism  ;  and  we  shall  find  the  following 
striking  resemblances. 

1.  The  sensation,  produced  by  the  galvanic  shock,  is  ex- 
tremely similar  to  that  which  is  excited  by  the  discharge 
of  a  Leyden  jar.  Both  influences,  also,  are  propagated 
through  a  number  of  persons,  without  any  perceptible  iur 
terval  of  time. 

2.  Those  bodies,  which  are  conductors  of  electi  icitj',  ar/j 
also  conductors  of  the  galvanic  fluid,  as  the  metals,  char-= 
coal,  and  a  variety  of  liquids,    Again,  it  is  not  transmitted 
by  glass,  sulphur,  and  the  whole  class  of  electi  ics,  which  do, 
Tipt  convey  ordinary  electricity.    Among  liquids,  those. 


SECT.  II, 


ELECTRO-CHEMISTRY. 


231 


only  are  conductors  of  electricity  and  galvanism,  which 
contain  oxygen  as  one  of  their  elements  *. 

3.  The  galvanic  fluid  passes  through  air  and  certain 
other  non-conductors,  in  the  form  of  spaiks ;  accompanied 
mth  a  snap  or  report ;  and,  like  the  electric  fluid,  it  may 
be  made  to  inflame  gim-powder,  phosphorus,  and  mixtures 
of  hydrogen  and  oxygen  gases.  It  has  lately  l^een  found, 
also,  by  Mr.  Children,  that  in  the  Voltaic  apparatus  there 
is,  what  is  called  in  electricity,  a  sfi'iking  distance.  With 
a  power  of  1 250  pairs  of  four  inch  plates,  he  found  this 
distance  to  be  one  50th  of  an  inch,  the  thickness  of  a  plate 
of  air,  through  which  the  galvanic  discharge  is  able  to 
pass  in  the  form  of  a  spark.  Increasing  the  number  of 
plates,  the  striking  distance  will  be  greater ;  and  the  re- 
verse when  it  is  diminished. 

4.  The  Voltaic  appju'atus  is  capable  of  communicating 
a  charge  to  a  Leyden  jar,  or  even  to  a  battery.  If  the  zine 
end  of  a  pile  (whether  it  be  uppermost  or  the  contiary)  be 
made  to  communicate  with  the  inside  of  a  jar,  it  is  charged 
positively.  If  circumstances  be  reversed,  and  the  copper 
end  be  similarly  connected,  the  jar  is  charged  negativelyf , 
The  shocks  do  not  differ  from  those  of  a  jar  or  battery, 
charged  to  the  same  intensity  by  a  common  electrical 
machine. 

5.  Galvanism,  even  when  excited  by  a  single  galvanic 
circle  only  (such  as  a  piece  of  zinc,  a  similar  one  of  cop- 
per, and  a  piece  of  cloth  moistened  with  a  solution  of  mu- 


*  Cruikshaiik,  in  Nicholson's  ito.  Journal,  iv.  258. 

f  Cuthburtson's  Practical  Electricity  and  Galvanism,  page 
261.  Volta,  in  Nicholson's  Journal,  8vo.  i.  140.  Van  Ma- 
rum,  in  Philosophical  Magazine,  xii.  162. 
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riate  of  ammonia),  distinctly  affects  the  gold  leaf  of  the 
condensing  electrometer.  If  the  zinc  end  be  uppermost, 
and  be  connected  directly  with  the  instrument,  the  electri- 
city indicated  is  positive ;  if  the  pin  of  the  electrometer 
touch  the  copper,  the  electricity  is  negative.  A  pile  con- 
sisting of  sixty  combinations  produces  the  effect  still  more 
remarkably  *. 

6.  The  chemical  changes  produced  by  galvanic  and 
common  electricity,  so  far  as  they  have  hitherto  been  ex- 
amined, are  precisely  similar.  Tliese  will  form  the  subject 
of  the  following  section. 


SECTION  III. 

On  the  Chemical  Agencies  of  Electriciiy  and  Gal- 
vanism. 

The  effects  of  the  electric  or  galvanic  fluids,  in  pro- 
ducing chemical  decomposition,  cannot  be  described,  with- 
out introducing  to  the  reader  the  names  of  several  sub- 
stances, with  which,  in  the  present  state  of  his  knowledge, 
he  may  be  supnosed  to  be  unacquainted,  lliis  difficulty 
is  unavoidable ;  for  it  is  imj^ssible  to  explain  the  general 
laws  of  electro-chemical  action,  without  a  variety  of  parti- 
cular instances.  In  general,  however,  it  will  be  found  that 
a  minute  acquaintance  with  the  bodies,  which  arc  brought 
in  illustration,  is  by  no  means  essential ;  and  that  it  is  suf- 
ficient to  consider  them  as  composed  simply  of  two  ingre- 


t  ^Nicholson,  Svo.  i.  139,  and  ii.  281;  Cuthbertson,  pag^ 
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dlents,  which  are  hi  opposite  electrical  states,  and  Jire  sub- 
ject to  the  huvs  of  electriciil  attraction  and  repulsion. 

The  most  simple  chemical  effect,  produced  alike  by  the 
agency  of  electricity  and  galvanism,  is  the  ii^nififm  and 
fusion  of  metals.  When  a  piece  of  watcii  jKudulum 
wire  is  placed  in  the  circuit  of  a  common  electrical  bat- 
tery, containing  not  less  than  three  or  four  square  feet  of 
coating,  at  the  moment  of  the  discharge  the  wire  becomes 
red-hot ;  but  continues  so  only  for  a  few  seconds,  no 
longer,  indeed,  than  if  it  had  been  ignited  in  any  other 
way*.  The  sjime  effect  may  be  produced  by  making  a 
piece  of  wire  the  medium  of  communication  between  the 
opposite  extremities  of  a  galvanic  trough;  but,  in  this 
case,  the  heat  continues  sensibly  longer,  than  when  it  is 
excited  by  an  electrical  explosion.  \\  ater,  surrounding  a 
wire  so  placed,  may  be  made  to  boil  briskly. 

When  the  power  of  an  electrical  battery  is  increased, 
metallic  wires,  by  transmitting  the  discharge  through 
them,  may  be  melted  and  dispersed  in  the  form  of  smoke, 
or  of  an  impalpable  powder  lighter  than  air.  The  galvanic 
discharge,  also,  is  capable  of  fusing  metallic  wires;  but 
being  less  violent,  It  does  not  scatter  their  particles  to  a 
distance.  Even  wire  from  the  most  infusible  of  the  me- 
tals, plalina,  acquires  a  white  heat,  and  melts  into 
globules. 

With  a  still  more  powerful  electrical  battery  (one  for 
example  containing  about  18  square  feet)  metallic  wires 
are  not  only  melted,  but  undergo  absolute  comhusfion. 


*  On  the  quantity  of  coated  surface  required  for  igniting 
different  lengths  of  wire,  the  reader  may  consult  Mr.  Culh- 
bertson's  book,  page  IGI,  &c. 
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Lead  and  tin  wire  emit  a  yellow  light,  and  copper  and 
silver  u  green  one.  If  the  experiment  be  made  on  wire 
confined  in  a  glass  receiver,  which  contains  a  measured 
quantity  of  air,  the  bulk  of  the  air,  and  its  proportion  of 
oxygen,  are  both  found  to  be  diminished  *.  The  metaU 
ase  converted  into  oxides  of  different  colours ;  lead,  tin, 
and  zinc,  into  white  oxides ;  platina,  gold,  silver,  and 
copper,  into  oxides  of  a  dark  colour.  The  experiment 
niay  be  pleasingly  varied  by  passing  the  discharge  through 
wires,  stretched  over  panes  of  glass  or  sheets  of  paper,  at  a 
small  distance  from  their  surface.  The  metallic  oxide 
which  is  produced  is  forcibly  driven  into  the  glass  or 
paper ;  and  produces  beautiful  figures,  varying  in  colour 
with  the  metal  employed  f. 

The  combustion  of  metals  may  be  eiFected,  also,  by  gal- 
vanic electricity;  but  for  this  pui-pose  the  form  of  very 
thin  leaves  is  preferable  to  that  of  wire.  The  plates, 
composing  the  galvanic  trough,  should,  for  this  purpose, 
be  not  less  than  four  inches  square ;  and  several  troughs 
should  be  joined  together,  so  as  to  form  an  aggregate  of 
not  loss  than  100  or  150  pairs  of  plates.  The  galvanic  in- 
fluence is  to  be  conveyed  by  wires  brought  from  each  ex- 
tremity of  the  arrangement,  and  placed  in  contact  with  the 
opposite  surfaces  of  ihe  leaf.  For  the  protection  of  the 
fingers,  the  wires  should  be  inclosed  in  glass  tubes. 
When  thus  exposed,  the  metals  burn,  or  rather  deflagrate, 
with  great  brilliancy. 


*  Cuthbertson,  page  199. 

f  Cuthbertson,  poge  226,  and  Wilkinson's  Elements  of 
Galvanism,  in  the  9th  plate  of  which  these  appearances 
are  represented. 
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Gold  emits  a  very  vivid  wliite  light,  inclining  a  little  to 
blue,  and  leaves  an  oxide,  whose  colour  verges  towards  that 
of  mahogany.    Copper  presents  similar  phenomena. 

The  ilaine  of  silver  is  a  vivid  green,  somewhat  like  that 
of  a  pale  emerald,  and  the  light  is  more  intense  than  that 
of  gold.  Lead  gives  a  vivid  light  of  a  dilute  blueii;h  pur- 
ple. Tin  a  light  similar  to  that  of  gold;  and  zinc  a 
blueish  white  flame  fringed  with  red  *.  In  all  these  cases, 
provided  the  power  be  sufficiently  strong,  the  deflagratioii 
is  kept  up,  for  some  time,  without  intermission. 

But  a  much  more  remaikable  action  is  exerted  by  the 
electric  and  galvanic  fluids,  in  disuniting  the  elements  of 
several  combinations.  One  of  the  first  discoveries  of  the 
chemical  agency  of  tlie  pile  was  its  power  of  decom-» 
posing  water.  Two  pieces  of  any  metallic  wire  are  thixist; 
tlirough  separate  corks,  which  are  fitted  into  the  open  ends 
of  a  glass  tube  in  such  a  way,  tliat  the  extremities  of  the 
wires,  wlien  the  corks  are  in  their  places,  may  not  be  in 
contact,  but  may  be  at  the  distance  from  each  other  of 
about  a  quarter  of  an  inch  (see  fig.  77?  «)•  If  the  paiis  of 
the  wire,  vvliich  project  from  without  the  tube,  be  made 
to  communicate,  the  one  with  the  zinc  or  positive  end, 
and  the  other  with  the  copper  or  negative  end,  of  a  gal- 
vanic battery,  a  remarkable  appearance  takes  place.  The 
wire,  connected  with  the  einc  or  positive  end  of  the  pile  or 
trough,  where  it  is  in  contact  with  the  water,  if  of  an  ox- 
idable  metal,  is  rapidly  oxidized;  while  from  the  negative 
wire  a  stream  of  small  bubbles  of  gas  arises.  But  if  the 
wires  employed  be  of  a  metal,  which  is  not  susceptible  of 


*  PJiilosophical  Magazine,  xi.  284,  and  xv.  96, 
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oxidation,  such  as  gold  or  platina,  gas  is  then  cxtricafcd 
Iroin  Loth  wires,  and,  by  a  simple  contrivance,  may  be  se- 
parately collected.  The  apparatus  for  this  purpose  is 
shown  by  fig.  7^>  where  the  wires  p  and  n,  instead  of 
being  introduced  into  a  straight  tube,  are  inclosed  in  a  sy- 
phon, and  terminate  before  they  reach  the  end,  in  winch  a 
small  hole  is  to  be  ground.  When  a  stream  of  galvanic 
electricity  is  made  to  act  upon  water  thus  confined,  oxygen 
gas  is  found,  at  the  close  of  the  experiment,  in  the  leg 
connected  with  the  positive  end  of  the  battery,  and  hydro- 
gen gas  in  that  connected  with  the  negative  end ;  and  in 
the  proportions  which,  by  their  union,  compose  water. 
At  an  eai'ly  period  of  the  inquiry,  it  was  found,  however, 
by  Mr.  Cniickshank,  that  the  water  surrounding  the  posi- 
tive wire  became  impregnated  with  a  little  acid ;  and  that 
around  the  negative  wire  with  a  little  alkali.  If  instead  of 
water,  we  employ  a  metallic  solution,  the  metal  is  revived 
round  the  negative  wire  ii,  and  no  hydrogen  gas  is  li- 
berated. 

The  gases  constituting  water,  it  was  afterwards  disco- 
vered by  Mr.  Davy,  may  be  separately  produced  from  two 
quantities  of  water,  not  immediately  in  contact  with  each 
other.  l"he  fact  is  of  peculiar  importance,  from  its  resem 
blance  to  other  more  recent  ones,  which  have  led  that  dis- 
tinguished philosopher  to  the  discovery  of  the  general  laws 
of  electro-chemical  action.  Two  glass  tubes  (p  and 
pi.  ix.  fig.  79),  about  one  third  of  an  inch  diameter  and 
four  inches  long,  having  each  a  piece  of  gold  wire  sealed 
hermetically  into  one  end  and  the  other  end  open,  were 
filled  Avith  distilled  water  and  placed  inverted  in  separate 
glasses  filled,  also,  Avith  that  fltiid.  The  two  glasses,  a  and 
/>,  were  made  to  communicate,  either  by  dipping  the 
fingers  of  the  right  hand  into  one  glass,  and  thase  of  the 
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left  into  the  other,  or  by  interposing  fresh  animal  muscle, 
or  a  living  vegetable,  or  even  moistened  thread,  as  shown  at 
r.  The  gokl  wires,  projeeting  from  the  sealed  ends  of 
these  tubes,  were  then  eonneetcd,  tiie  one  with  the  positive, 
the  other  with  the  negative  end  of  the  trough.  Gas  was 
immediately  evolved  from  both  wires.  At  the  elose  of  the 
experiment,  in  the  tube  p  oxygen  gas  was  found ;  in  the 
negative  tube  ii  hydrogen.  The  proportions  by  measure 
were,  as  nearly  as  possible,  those  which  result  from  the  de- 
composition of  water,  viz.  two  of  hydrogen  to  one  of 
oxygen  gas  *.  Now  if  these  gases  arose,  as  they  necessa- 
rily must,  from  the  deconiposition  of  tlie  same  portion  of 
water,  that  portion  of  water  must  have  been  contained 
either  in  the  tube  j)  or  in  the  tube  n.  In  the  former  case, 
the  hydrogen  gas,  found  after  the  process  in  n,  must  have 
passed  hivisibly  from  p  to  w,  through  the  intermediate 
substance  c.  Or,  if  the  water  was  decomposed  in  n,  then, 
the  reverse  process  must  have  happened  with  respect  to 
the  oxygen ;  and  it  must  have  been  transmitted,  in  a  like 
imperceptible  manner,  from  7i  to  p.  Facts  of  this  kind, 
evincing  the  transference  of  the  elements  of  a  combination, 
to  a  considerable  distance,  through  intervening  substances, 
and  in  a  form  that  escapes  the  cognizance  of  our  senses, 
however  astonishing,  it  will  appear  from  the  sequel,  are 
sufficiently  numerous  and  well  established. 

Different  chemical  compounds  requue,  for  the  disunion 
of  their  elements,  galvanic  arrangements  of  various  power* 
and  intensities.  The  decomposition  of  water  is  easily 
effected  by  a  series  of  fifty  pairs  of  plates,  each  one  or  two 


*  Nicholson's  Journal,  4to.  iv.  276. 
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inches  square.  But  for  those  which  remain  to  be  de-» 
scri])C(l,  instnimcnts  of  much  greater  power  arc  neces- 
sary. 

The  ajDparatus,  employed  in  the  masterly  experiments 
of  Mr.  Davy,  which  have  laid  the  gi-oundwork  of  this 
new  field  of  science,  was  extremely  simple.  In  cjises, 
where  liquid  substances  were  operated  upon,  he  employed 
occasionally  the  agate  cups  andw,  fig.  80,  each  of  which 
was  capable  of  holding  about  sixty  grains  of  water.  They 
were  connected  together,  as  shown  in  the  figine  at  a,  by 
the  fil)res  of  a  peculiar  flexible  mineral  called  amianthus  j 
and  into  each,  was  inserted  a  platina  wire,  the  bent  extre- 
mity of  which  is  seen,  in  each  figure,  projecting  above  the 
cup.  When  the  vessels  were  in  actual  use,  the  wire  of  p 
was  connected  with  the  zinc  or  positive  end  of  a  powerful 
gah-nnic  series ;  and  that  of  n  with  the  copper  or  negative 
extremity.  For  tlie  agate  cups  iwo  hollow  gold  cones 
were  occasionally  substituted  {p  and  ??,  fig.  81)  the  wire 
projecting  from  j)  being  connected  with  the  positive,  and 
that  from  n  with  the  negative  end  of  a  trough  or  series  of 
troughs.  Solid  bodies  were  submitted  to  the  galvanic  in- 
fluence, either  by  immersing  small  pieces  of  them  in  the 
gold  cones;  or,  at  other  times,  by  making  the  cups  them-' 
selves  of  the  substance  intended  to  be  decomposed.  Or  if 
it  was  desirable  to  preserve  them  from  contact  with  water, 
they  were  laid  on  a  small  insulated  dish  of  platina,  with 
the  inferior  surface  of  which,  immediately  under  the  sub- 
stance used,  a  wire  from  one  end  of  the  battery  was  con- 
hected,  while  the  substance  itself  was  made  to  communi- 
cate by  another  wire,  with  the  opposite  extremity  of  the 
apparatus. 

When  the  gold  cones  were  both  filled  with  a  solution 
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of  sulphate  of  potash  (a  Siilt  composed  of  potash  and  sul- 
phuric acid),  after  exposure,  during  a  sufficient  time,  to  a 
powerful  galvanic  arraiigemeut,  pure  potash  was  found  in 
the  negative  cone  w,  and  sulphuric  acid  in  the  positive 
cone  p.  The  decomposition  was  even  quite  complete; 
for  die  liquid  in  n  contained  no  acid,  and  tliat  in  p  no 
alkali. 

The  experiment  was  repeated  with  several  other  neutral 
salts* ;  and  with  the  invariahle  result,  that  tl)c  acid  col- 
lected in  the  positive  cone,  and  the  alkali  in  ihe  negative 
one.  vStrong  solutions,  or  ihose  in  which  the  salt  bore  a 
considerable  proportion  to  the  water,  were  more  rapidly 
acted  upon  than  weak  ones.  Metallic  salts  were,  also,  de- 
composed. The  acid  appeared,  as  before,  in  the  positive 
cone,  and  the  metal  was  deposited,  sometimes  with  a  little 
oxide,  in  the  negative  one. 

Salts,  which  are  either  insoluble,  or  very  sparingly 
soluble,  in  water,  had  their  elements  disunited  in  the  fol- 
lowing manner.  Cups  were  constructed  of  them,  pre- 
cisely resembling  the  gold  cones,  which,  as  the  salts  were 
hard  and  compact  in  their  texture,  was  easily  effected. 
These,  after  being  filled  with  water,  were  connected, 
by  platina  wires,  with  the  opposite  ends  of  a  galvanitr 
battery,  the  vessels  themselves  commimicatlng,  as  before, 
by  means  of  moistened  amianthus.  At  the  conclusion  of 
the  experiment,  sulphuric  acid  (when  the  cups  were  made 
of  sulphate  of  lime)  was  found  in  the  positive  cup,  and 
lime  water  in  the  negative  one.    Sulphate  of  strontites, 


*  Minute  directions  for  exhibiting  the  transfer  of  acid  and 
alkali,  by  means  of  a  power  not  exceeding  thirty  pairs  of  two 
inch  plates,  are  given  by  Mr.  Singer.  (Nicholson's  Journal, 
xxiv.  178.) 
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fluate  of  lime,  and  sulphate  of  barytes  were  decomposed, 
though  less  easily,  by  tlie  same  expedient.  In  all  these 
cases  the  acid  clement  was  found  at  the  positive  side, 
and  the  earthy  one  at  the  negative  side,  of  the  arrange- 
ment. 

These  facts  evidently  point  out  a  transference  of  the 
elements  of  combinations  from  one  electrified  vessel  or  sur- 
face to  another  diftcrcntly  electrified.  But  the  principle 
is  made  much  more  apparent  by  a  little  variation  of  the 
experiment.  Thus,  if  solution  of  sulphate  of  potash  be 
electrified  in  the  positive  cone  water  alone  being  con- 
tained in  n,  after  a  suflicient  continuance  of  the  electrical 
action  ^vill  be  found  to  contain  diluted  sulphuric  acid ; 
and  the  potash  will  be  discovered  in  the  water  of  n.  The 
alkali  must  necessarily,  therefore,  have  passed,  in  an  im- 
perceptible form,  along  the  connecting  amianthus  from  the 
vessel  p  to  the  vessel  n.  Reversing  the  experiment,  and 
filling  71  with  solution  of  sulpl»ate  of  potash,  the  alkali  re- 
mains in  this  cone,  and  the  acid  is  transferred  to  the  oppo- 
site side  p.  In  one  experiment,  in  which  nitrate  of  silver 
was  placed  in  the  positive  cup,  and  pure  waiter  in  the  nega- 
tive one,  the  whole  of  the  connecting  amianthus  was 
covered  with  revived  silver. 

In  the  farther  prosecution  of  the  inquiry,  IMr  Davy 
succeeded  in  discovering  a  still  more  extraordinary  series 
of  facts.  When  an  intermediate  vessel  {I,  fig.  82)  was 
placed  between  the  positive  and  negative  cups  p  and 
and  was  connected  with  both  of  them  by  moistened  ami- 
anthu?,  it  was  found  that  acids  may  actually  be  made  to 
pass  from  ii  to  jh  through  the  intermediate  solution  in  /, 
without  combining  with  it.  Thus,  solution  of  sulphate  of 
potash  being  put  into  the  negative  cup  ??,  solution  of  pure 
ammonia  into  f,  and  pure  water  into  p,  in  half  an  hour 
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sulphuric  acid  was  found  in  the  water  of  the  positive  cup, 
to  have  reached  which  it  must  have  been  transferred  from 
n  through  the  intermediate  sohition  of  ammonia.  Mu- 
riatic acid,  also,  from  muriate  of  soda,  and  nitric  acid  from 
nitrate  of  potash,  were  transferred  from  the  negative  to 
the  positive  side  through  an  inteiposed  solution  of  alkali. 
And  contrariwise,  alkalis  and  metallic  oxides  were  trans- 
mitted from  the  positive  to  the  negative  side,  through  in- 
tervening solutions  of  acids; 

It  is  necessary,  however,  that  the  solution,  contained  in 
tlie  intermediate  vessel  i,  should  not  be  capable  of  forming 
an  insoluble  compound  with  the  substance  intended  to  be 
transmitted  through  it.  Thus  sulphuric  acid,  in  its  passage 
from  sulphate  of  potash  in  the  negative  cup,  through  the 
vessel  i  containing  a  solution  of  pure  barytes,  is  detained 
by  the  barytesj  and  falls  down  in  the  state  of  an  insoluble 
compound  with  that  earth. 

Bodies,  the  composition  of  which  is  considerably  more 
complicated,  ai'e^  also^  decomposed  by  galvanic  electricity. 
Thus  from  certain  minerals,  containing  acid  and  alkaline 
matter  in  only  very  minute  proportion^  these  ingredients 
are  separately  developed.  Basalt,  for  example  (a  kind  of 
stdne  which,  in  100  grains,  contains  only  3^  grains  of 
soda  and  half  a  grain  of  muriatic  acid),  gave,  at  tlie  end  of 
ten  hours,  evident  traces  of  alkali  round  the  negative,  and 
of  acid  round  the  positive  wire.  A  slip  of  glass,  also,  ne- 
gatively electrified  in  one  of  tlie  gold  cones,  had  sod^  de-i- 
tached  from  it,  and  sustained  a  loss  of  weight* 

It  may  now  be  understood,  why,  by  the  agency  of  gal^* 
vanism  on  water,  alkali  appears  at  the  negative  and  acid  at 
the  positive  wire.  The  fact  was,  for  some  time,  not  a 
little  perplexing  to  Mr.  Dav}' ;  till,  at  length,  he  ascer-' 
tained  that  all  water,  however  carefully  distilled,  contaia"? 
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neutral  salts  in  a  state  of  solution.  From  these  impurities, 
the  alkaline  and  acid  elements  are  separated,  agreeably  to 
a  law,  wliich  has  already  been  explained.  In  the  same 
way,  also,  the  muriatic  acid  and  alkali  are  accounted  for, 
which  some  chemists  have  obtained  by  galvanizing  what 
was  before  considered  as  pure  water;  a  fact  which  has 
been  urged  in  proof  of  the  synthetical  production  of  both 
those  bodies.  Absolutely  pure  water,  it  has  been  demon- 
strated by  Mr.  Davy,  yields  nothing  but  hydrogen  and 
oxygen  gases. 

All  the  e{Fects  of  galvanic  arrangements,  in  producing 
chemical  decompositions,  it  has  been  found,  may  be  ob- 
tained by  ordinary  electricity.  Its  adaptation  to  this  pur- 
pose was  first  successfully  attempted  by  Dr.  Wollaston*. 
llie  apparatus,  which  he  employed,  was  similar  to  that 
already  represented  (fig.  77>  excepting  that  the  wires, 
instead  of  being  exposed  to  the  fluid,  contained  in  the 
tube,  throughout  their  whole  length,  were  covered  with 
wax,  and  the  points  only  were  laid  bare.  Or  (what  was 
found  to  answer  still  better)  the  wires  were  inclosed  in  ca- 
pillary tubes,  which  were  sealed  at  their  extremities,  and 
then  ground  away,  till  the  points  alone  were  exposed.  The 
conducting  wires,  thus  arranged,  were  then  introduced  into 
a  tube,  or  other  vessel  containing  the  liquid  to  be  operated 
on,  and  were  connected,  the  one  with  the  positive,  the 
4jther  with  the  negative  conductor,  of  an  electrical  ma- 
chine, disposed  for  positive  and  negative  electricity  f. 
When  solution  of  sulphate  of  copper  was  thus  electrized. 


*  PhilosophicalTransactions  I801. 

t  See  Cuthbertson's  Practical  Electricity. 
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the  metal  was  revived  round  the  negative  pole.  On  re- 
vei-sing  the  apparatus,  the  copper  was  re-dissolved,  and 
appeared  again  at  tlie  otlier  wire,  now  rendered  negative. 

When  gold  wires,  from  ^^^y  to  ^i^^  of  an  hich  in  dia- 
meter, thus  inclosed,  were  made  to  traasmit  electricity,  a 
tuccession  of  sparks  alforded  a  current  of  gas  from  water. 
When  a  solution  of  gold  in  nitro-muriatic  acid  was  passed 
through  a  capillary  tube ;  the  tube  then  heated  to  drive 
oft'  the  acid  ;  and  afterwards  melted  and  drawn  out,  it  was 
found  that  the  mere  current  of  electricity,  without  sparks, 
evolved  gas  from  water. 

Mr.  Davy  has  since  proved  that  by  a  similar  apparatus, 
solution  of  sulphate  of  potash  is  decomposed,  potash  ap- 
pearing at  the  negative,  and  sulphuric  acid  at  the  positive 
pole  *. 


SECTION  IV. 

Theory  of  the  Changes  produced  hy  Galvanic 
Electricity. 

A  FACT  of  considerable  importance  In  explaining  thd 
phenomena  that  form  the  subject  of  the  last  section  was 
discovered  several  years  ago  by  Mr.  Bennett,  and  has  since 
been  confirmed  by  the  experiments  of  Volta  and  Davy. 
Different  bodies,  it  is  found,  acquire,  when  brought  into 
contact  either  by  their  whole  surfaces  or  by  a  single  point, 
different  state?  with  respect  to  their  quantities  of  electri- 


*  Philosophical  Transactions,  1800. 
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city.    TIic  best  method  of  performing  the  experiment  is 
to  take  two  discs  or  plates,  the  one  of  copper,  the  other 
of  zinc,  each  about  four  inches  diameter  and  furnished 
wiih  an  insulating  glass  handle ;  to  apply  them  for  an  in- 
stant to  each  other  by  their  fiat  faces ;  and  afterwards,  to 
bring  tliem  separately  into  contact  with  the  insulated  plate 
of  the  condensing  electrometer.    The  instrument  indi- 
cates, by  the  divergence  of  its  gold  leaves,  the  electricity 
acquired  by  each  of  the  plates,  which  in  the  zinc  plate  is 
shown  to  be  positive,  and  in  the  copper  plate  negative  *. 
.  It  had  been  established,  also,  by  Mr.  Davy,  in  1801, 
that  when  a  galvanic  arrangement  of  the  second  kind  is 
constructed,  by  alternating  metallic  plates  with  strata  of 
different  fluids,  alkaline  solutions  always  receive  electri- 
city fro7n  the  metal,  and  acids  on  the  contrary  transmit  it 
to  the  metal.    When  an  arrangement,  for  example,  is 
made  of  water,  tin,  and  solution  of  potash,  the  current  of 
electricity  is  from  the  tin  to  the  alkali.    But,  in  an 
arrangement  of  nitric  acid,  tin,  and  water,  the  circulation 
of  electricity  is  from  the  acid  to  the  tin.    If  then  the  al- 
kali, after  having  acquired  electricity  from  the  metal, 
could  be  suddenly  separated  from  the  combination,  there 
can  be  no  doubt  that  it  woidd  be  found  in  a  positive  state. 
For  the  contrary  reason,  the  acid,  having  given  electricity 
to  the  metal,  must,  if  it  could  be  detached,  be  found  nega- 
tive. 

Still  more  satisfactory  evidence  has  been  since  obtained 
of  the  electrical  stave  of  the  acids  and  alkalis,  by  examin- 
ing what  kind  of  electricity  they  impart  to  an  insulated 


*  Volta,  in  Nicholson's  Jouroal,  8vo.  i.  136.  Wilkiuson,  it. 
40,  £0,  131.    Cuthbertson,  •2Q'J. 
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metallic  plate.  Various  dry  acids,  being  toucTied  on  an 
extensive  surface  by  a  plate  of  copper  insulated  by  a  glass 
handle,  the  copper  was  found  after  contact  to  have  become 
positively  electrified,  and  the  acid  negatively.  On  the 
contrary,  making  the  experiments  with  dry  earths  in  a 
similar  manner,  the  metal  became  negative.  The  alkalis 
gave  less  distinct  results  owing  to  their  attraction  for 
moisture.  Bodies,  moreover,  possessing  opposite  electri- 
cal energies  towards  one  and  the  same  body,  are  found  to 
possess  them  with  regard  to  each  other.  Thus  when  lime 
and  oxalic  acid  were  brought  into  contact,  the  earth  was 
found  to  be  positive,  and  the  acid  negative.  Sulphur  ap- 
pears to  be  in  the  positive  state.  Oxygen,  judging  from 
those  compounds  in  which  it  is  loosely  combined,  is  nega- 
tive; and  hydrogen,  by  the  same  test,  positive. 

Now,  if  the  common  laws  of  electrical  attraction  and 
repulsion  operate,  as  there  is  every  reason  to  believe  they 
must,  among  bodies  so  constituted,  it  will  follow  that  hy- 
drogen, the  alkalis,  metals,  and  oxides,  being  positively 
electrified,  will  be  repelled  by  surfaces  which  are  in  the 
same  state  of  electricity  as  themselves,  and  will  be  attracted 
by  surfaces  that  are  negatively  eleotrihed.  And,  con- 
trariwise, oxygen,  and  the  acids  (in  consequence  of  the 
oxygen  they  contain),  being  in  a  negative  state,  will  be  at- 
tracted by  positive  surfaces  and  repelled  by  negative  ones. 

To  apply  this  theory  to  the  simplest  possible  case,  the 
decomposition  of  water,  the  hydrogen  of  tliis  compound, 
being  itself  positively  electrified,  is  repelled  by  the  positive 
wire  and  attracted  by  the  negatis'e  one;  while,  on  the 
contrary,  oxygen,  being  negative,  is  repelled  by  the  nega- 
tive wire,  and  attracted  by  the  j)ositive  one.  In  the  case 
of  neutral  salts,  the  negative  acid  is  attracted  by  the  posi- 
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tive  wire ;  and  the  positively  electrified  alkali  by  the  nega- 
tive wire. 

'Vhus  then  a  powei-  has  been  discovered,  superior  in  its 
ener^^y  to  chemical  aflinity,  and  capable  either  of  counter- 
acting it,  or  of  modifying  it  according  to  circumstances. 
The  cnemical.  attraction  between  two  bodies  may  be  de- 
stroyed, by  giving  one  of  tliem  an  electrical  state  opposite 
to  its  natural  one  ;  or  the  tendency  to  union  may  be  in- 
creased, by  exalting  the  natural  electrical  energies. 

All  bodies,  indeed,  that  combine  chemically,  so  far  as 
they  have  hitherto  been  examined,  have  been  found  to 
possess  opposite  states  of  electricity.  Thus  copper  and 
2iinc  are  in  opposite  states  to  each  other ;  so  are  gold  and 
mercury;  sulphur  and  metals,  acids  and  alkalis.  Even 
after  coniljination,  it  is  thought  by  Mr.  Davy  not  impro- 
bable, that  bodies  may  still  retain  their  peculiar  states  of 
electricity.  If  oxygen  prevail,  in  any  compound,  over  the 
combustible  or  iwsitive  base,  the  compound  is  negative,  as 
in  certain  metalUc  oxides.  But  the  combustible  ingre- 
dient may  be  in  such  proportion,  as  to  predominate,  and 
to  give  to  the  compound  a  positive  energy. 

It  is  an  interesting  question,  but  one  which  can  scarcely 
be  determined  in  the  present  state  of  the  science,  whether 
the  power  of  electrical  attraction  and  repulsion  be  identi- 
cal, as  Mr.  Davy  has  suggested,  with  chemical  affinity ;  or 
whether  it  may  not  rather  be  considered,  like  caloric,  as  a 
distinct  force,  which  only  modifies  that  of  chemical  at- 
traction. On  the  former  h\'pothesis,  two  bodies,  which 
&re  naturally  in  opposite  electrical  states,  may  have  these 
states  sufiiciently  exalted,  to  give  them  an  attractive  forc^ 
superior  to  tlie  cohesive  affinity  opposed  to  their  union ; 
and  a  combination  will  take  place,  which  will  be  more  or 
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less  energetic,  as  tlie  opposed  forces  are  more  or  less 
equally  balanced.  Again,  when  two  bodies,  repellent  of 
each  other,  act  upon  a  third  with  dilferent  degrees  of  the 
same  electrical  energy,  the  combination  will  be  determined 
by  the  degree.  Or,  if  bodies,  having  different  degrees  of 
the  same  electrical  energy  with  respect  to  a  third,  have 
likewise  different  energies  with  respect  to  each  other,  there 
maybe  such  a  balance  of  attracting  and  repelling  forces  as 
to  produce  a  triple  compound. 

This  hypothesis,  it  is  remarked  by  Mr.  Davy,  agi'ees  ex- 
tremely well  with  the  influence  of  7nass,  which  has  been  so 
well  illustrated  by  Berthollet ;  for  many  particles,  acting 
feebly,  n>ay  be  equal  in  efi'ect  to  fewer  acting  more  power- 
fully. Nor  is  it  at  all  contradictory  to  the  observed  influ- 
ence of  caloric  over  chemical  union ;  for  an  increase  of 
temperature,  while  it  gives  greater  freedom  of  motion  to 
the  particles  of  bodies,  exalts  also,  their  electrical  energies. 
This  Mr.  Davy  asceitained  with  respect  to  an  insulated 
plate  of  copper  and  another  of  sulphur,  when  heated  below 
2 1 2°  Fahrenheit ;  and  at  a  still  higher  temperature  these 
bodies,  as  is  well  known,  combine  with  the  extrication  of 
heat  and  light,  the  usual  accompaniments  of  intense  che- 
mical  action. 

On  tlie  supposition  that  electricity  is  a  force,  which  only 
modifies  the  action  of  chemical  affinity,  we  may  regard  it, 
when  it  promotes  combination,  as  producing  this  effect  by 
counteracting  cohesive  attraction.  V\^en  it  impedes  com- 
binations, or  destroys  those  which  are  alroady  formed,  it 
probably  acts  as  a  fprce  co-operating  with  elasticity. 
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SECTION  V. 

Tlieory  of  the  Action  of  the  Galvanic  Pile. 

Two  theories  have  been  framed  to  account  for  the  phe- 
nomena of  the  Galvanic  Pile,  and  of  all  similar  arrange- 
tnents.  Tlie  first,  originating  with  Volta,  was  suggested 
by  the  fact,  which  may  be  considered,  indeed,  as  funda- 
mental to  it — that  electricity  is  excited  by  the  mere  con- 
tact of  different  metals.  When  a  plate  of  copper  and 
another  of  zinc  are  made  to  touch  by  their  flat  surface^?, 
as  was  stated  in  the  last  section,  the  zinc,  after  separation, 
exhibits  positive  electricity,  and  the  copper  negative.  It 
is  natural,  therefore,  to  conclude  that  a  certain  quantity 
of  electricity  has  moved  from  the  copper  to  the  zinc.  On 
trying  other  metals,  Volta  found  that  similar  phenomena 
take  place ;  and  by  a  series  of  experiments  he  was  led  to 
arrange  their  powers  in  the  following  order,  it  being  under- 
stood that  the  first  gives  up  its  electricity  to  the  second  ; 
the  second  to  the  third  j  the  third  to  the  fourth,  and  so  on. 

Silver. 

Copper. 

Iron. 

Tin. 

Lead. 

Zinc. 

The  metals,  then,  have  been  denominated  by  Volta, 
from  this  property,  motors  of  electricity ;  and  the  process, 
which  takes  place,  elecfro-7tiotion,  a  term  since  sanctioned 
by  the  adoption  of  it  by  Mr,  Davy. 
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It  is  on  this  transference  of  electricltv  from  one  bodv  to 
another  by  simple  contact,  that  Volta  explains  the  action 
of  the  instrument  discovered  by  himself,  and  of  all  similar 
arrangements.  The  interposed  fluids,  on  iiis  hypothesis, 
have  no  effect  as  chemical  agents  in  producing  the  plieno- 
mena,  and  act  entirelv  as  conductors  of  electricity.  With- 
out  disputing,  however,  the  accuracy  or  value  of  the  facts 
vi'liich  suggested  his  theory,  it  is  sufficient  for  its  refutation 
that  It  Is  irrcconcileable  uith  other  piienomcnu ;  and  espe- 
cially with  the  observation,  that  the  chemical  agency  of 
the  liquids,  on  the  more  oxidlzable  metal  of  galvanic 
arrangements,  is  essential  to  their  sustained  activity.  It 
has  been  proved,  indeed,  that  the  phenomena  begin  and 
terminate  with  the  oxidation ;  and  that  the  energy  of  the 
pile  bears  a  pretty  accurate  proportion  to  the  rapidity 
the  process.  Hence  it  seems,  on  first  view,  an  obvious 
inference,  that  the  oxidation  of  the  metal  is  the  primary 
cause  of  the  evolution  of  electricity  in  galvanic  arrange- 
ments. 

But  thougli  the  chemical  agency  of  the  fluids  which  are 
employed  k  now  admitted,  on  all  hands,  to  be  essential 
to  the  excitement  of  this  kind  of  electricity,  yet  it  is  by 
no  means  universally  agreed  that  we  are  to  consider  it  as 
the  first  in  the  order  of  phenomena.  It  has  been  suggested 
by  Mr.  Davy,  as  a  coirectlon  of  the  theory  of  Volta,  that 
the  electro-motion,  occasioned  by  the  contact  of  metals,  is 
the  primary  cause  of  the  chemical  changes ;  and  that  these 
changes  are  In  no  other  way  efficient,  than  as  they  restore 
the  electric  equilibrium.  To  explain  this,  let  us  suppose 
that  in  any  three  pairs  of  plates  of  a  galvanic  trough,  the 
zinc  plates  s  1,  2  2,  z  3  (fig.  7^)»  are  in  the  state  of  po- 
sitive, and  the  copper  plates  c  1,  c  2,  c  3,  in  ihat  of 
negative  electricity.    The  liquid,  in  any  cell  after  the  first, 
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will  be  in  contact,  on  the  one  side,  with  positively  electrified 
zinc,  and  on  the  other  with  negatively  electrified  copper. 
And  if  the  elements  composing  the  fluid  be  themselves  in 
different  states  of  electricity,  the  negatively  electrified  . 
element  will  be  attracted  by  the  zinc,  and  the  positively 
electrified  element  by  the  copper.  Thus  when  solution  of 
muriate  of  soda  in  water  is  the  fluid,  the  oxygen  and  the 
acid  will  pass  to  the  zinc  or  positive  plate,  and  the  alkali 
to  the  copper  one ;  while  the  hydrogen,  having  no  affinity 
for  copper,  escapes.  The  electric  equilibrium  will  be 
restored,  but  only  for  a  moment ;  for,  as  tlie  interposed 
fluid  is  but  a  very  imperfect  conductor  of  electricity,  the 
zinc  and  copper  plates  will,  by  their  electromotive  power, 
again  assume  their  states  of  opposite  electricity ;  and  these 
changes  will  go  on,  as  long  as  any  muriate  of  soda  remains 
undecomposed.  In  a  Voltaic  arrangement,  therefore,  the 
electrical  energies  of  the  metals  with  respect  to  each  other 
or  to  the  substances  dissolved  in  water,  are  the  causes 
disturbing  the  equilibrium ;  and  tlie  chemical  changes  are 
the  causes  that  i^estore  it. 

J<^o  theory  of  the  galvanic  pile,  however,  can  be  con- 
sidered as  complete,  that  does  not  account  for  the  ac- 
cumulation of  electricity  at  the  zinc  end  of  the  apparatus. 
On  the  theory  that  the  oxidation  of  the  zinc  is  the  source 
of  the  evolved  electricity,  the  fact  has  been  ingeniously 
explained  by  Dr.  Bostock.  He  takes  it  for  granted  that 
the  electric  fluid  has  an  aflinity  for  hydrogen;  and  supposes 
that  the  electricity,  evolved  at  the  surface  of  the  first  zinc 
plate,  is  carried,  tmited  to  hydrogen,  through  the  fluid  of 
the  cell  to  the  opposite  copper  plate.  Here  the  hydrogen 
and  electricity  separate ;  the  former  flies  off  in  the  state  of 
gas,  and  the  latter  passes  onwards  to  the  next  zinc  plate. 
Being  in  some  degree  accumulated  in  this  plate,  it  is  dis- 
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engaged  by  the  action  of  the  flwicl  in  a  more  concentrated 
state  than  before.  And  in  the  same  manner,  by  muhiplying 
the  number  of  pairs,  it  may  be  made  to  exist,  in  the  zinc 
end  of  the  pile,  in  any  assignable  degree  of  intensity. 

On  this  theory,  the  electricity  e\'olved  is  actually  ge- 
nerated  by  the  chemical  action  of  ihe  interposed  fluids  on 
every  zinc  plate  of  the  series ;  and  its  accumulation  is  the 
aggregate  of  what  is  thus  evolved.  The  concentration, 
which  tiUces  place  at  the  zinc  end  of  the  arrangement 
admits,  however,  of  being  explained  by  the  hypothesis  of 
Volta,  especially  as  modified  by  jVlr.  Davy.  Taking  the 
first  cell  as  an  example,  the  fluid  interposed  between  the 
positive  zinc  plate  z  l,fig.  78,  and  neg-ative  copper  plate  c  2, 
being  itself  a  conductor  of  electricity,  must  in  time  pro- 
duce an  equilibrium  between  these  two  plates;  but  this 
can  only  be  done  by  the  passage  of  a  certain  quantity  of 
electricity  across  the  fluid.  The  absolute  quantity  of 
electricity  will,  therefore,  be  diminished  in  tlie  first  pair, 
and  increased  in  the  second.  In  like  irianner,  the  second 
zinc  plate  will  give  up  part  of  its  electricity  to  the  third 
copper  plate,  and  the  second  pair  of  plates  will  be  deprived 
of  part  of  its  electricity.  The  electricity,  thus  lost  by  the 
second  pair,  it  will  regain  from  the  first  pair  of  plates. 
By  multiplying,  in  this  way,  the  number  of  plates,  every 
successive  pair,  as  we  advance  in  the  series,  has  a  tendency 
to  diminish  the  quantity  of  electricity  in  the  first ;  and  to 
have  its  own  state  of  electricity  proportionally  exalted. 

When  a  communication  is  made  between  two  extremities 
of  a  scries,  for  example  between  2  ^  or  its  contiguous  cell, 
and  c  ',  the  opposite  electricities  tend  to  an  equilibrium. 
The  third  pair  gives  up  a  share  of  its  electricity  to  the  first; 
and  the  intermediate  pair,  being  placed  between  equal 
forces,  remains  in  equilibrio.    Hence,  in  every  galvanic 
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arranjj^ement,  there  is  a  pair  of  plates  at  the  centre,  which 
is  in  its  natural  state  of  electricity.  Tlie  effect  of  such  a 
communication  must  necessarily  be  to  reduce  the  pile  to 
a  state  of  inactivity,  if  there  did  not  still  exist  some  cause 
sumcient  to  destroy  the  equilibrium.  On  the  hypothesis 
of  Volta,  this  can  be  nothing  else  than  the  property  of 
electro-motion  in  the  metals,  v^hich  originally  produced  its 
disturbance. 

Such  are  the  hj^iotheses  that  liave  been  framed  to  ex- 
plain the  phenomena  of  the  Voltaic  pile.  In  the  present 
state  of  the  science,  neither  of  thern  is  entitled  to  be  re- 
ceived as  altogether  satisfactory ;  and  1  have  stated  them 
rather  with  the  view  of  exciting  than  of  satisfying  inquiry. 
On  the  theory  of  galvanic  electricity,  it  only  remains  to 
point  out  its  dilFerence  from  the  electricity  developed  by 
ordinary  processes;  and  to  explain  the  different  effects, 
which  are  produced  by  v£u-ying  the  size  of  the  plates  in 
galvanic  arrangements. 

Though  the  identity  of  common  and  galvanic  electricity 
appears  to  be  sufficiently  established,  yet  in  some  of  their 
phenomena,  which  have  already  been  described,  there  is  a 
considerable  difference.  To  explain  these,  it  was  long  ago 
suggested  by  Mr.  Nicholson*,  that  the  electricity,  excited 
by  the  common  machine,  is  developed  in  much  smaller 
quantity,  but  in  a  higher  state  of  concentration  or  intensity, 
than  the  electricity  of  galvanism.  Hence,  its  velocity  is 
much  more  rapid ;  and  hence  it  readily  passes  through 
plates  of  air  and  other  non-conductors,  that  are  scarcely 
permeable  by  galvanic  electricity.  By  virtue  of  the  same 
property  it  disperses  the  metals  in  the  fonn  of  smoke; 
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while  the  utmost  effect  of  a  Voltaic  arrangement  Is  to 
melt  them  into  globules.  By  doubling  the  quantity  of 
galvanic  electricity,  also,  we  ignite  only  a  double  length 
of  metallic  wire,  and  the  ignition  is  more  permanent ;  but 
the  intensity  of  common  electricity  is  such  that  by  doubling 
its  quantity  we  ignite  four  times  the  length  of  wire,  and 
the  effect  is  little  more  than  momentary*. 

The  comparative  quantities  of  electricity  evolved  ])y  the 
conunon  machine  and  by  a  Voltaic  apparatus,  have  be<»ti 
made  a  subject  of  calculation  by  Mr.  Nicholson.  A  pile 
consisting  of  100  half  crowns,  with  the  same  number  of 
pieces  of  zinc,  produces,  he  found,  200  times  more 
electricity  than  can  Ix?  obtained,  in  an  equal  time,  from  a 
24  inch  plate  machine  in  constant  action.  Van  Maiuiu 
has,  also,  observed  that  a  single  contact  of  a  Lcyden  jar  or 
battery  with  a  Voltaic  pile  charges  it  to  the  same  degree, 
as  six  contacts  with  the  prime  conductor  of  a  powerful 
machine. 

It  might  naturally  be  expected  that  a  proportion  would 
be  observed  between  the  quantity  of  surface  composing 
^alv'anic  arrangements,  and  their  })Ower  of  action;  and 
auch,  with  some  limitation,  is  tbe  fact.  With  plates  of 
the  same  size,  the  effect,  generally  speaking,  is  pro- 
portional to  the  number.  But  by  enlarging  the  size, 
without  increasing  the  number,  neither  the  shock  nor  the 
power  of  decomposing  water  and  otluir  imperfect  con- 
ductors, is  proportionally  increased.  On  tiie  contrary,  to 
obtain  a  ^rcat  increase  of  effect  in  the  combustion  o( 
metals,  it  is  necessary  to  eidarge  considerably  the  size  of 
ilie  plates.    Thus  100  plates  oi'  four  inches  square  produce, 
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in  this  way,  an  incomparably  greater  effect,  than  the  same 
surface  divided  into  four  times  the  number. 

'I'he  effect  of  multiplying  the  number  of  plates,  it  has 
already  been  observed,  is  that  we  obtain  electricity  of  a 
higher  intensity,  and  it  has  even  been  shown  by  Volta* 
that  the  proportion  is  as  nearly  as  can  be  judged,  an  arith- 
metical one.  If  for  example,  we  have  a  certain  intensity 
whh  20  pairs,  it  is  doubled  by  40,  treliled  by  60,  and  so 
on.  But  by  enlarging  the  size,  without  increasing  the 
number,  it  has  also  been  shown  that  we  gain,  not  in  in- 
tensity, which  remains  exactly  the  same,  but  in  quantity. 
Now,  for  ^he  combustion  of  metals  what  we  principally 
want  is  a  large  quantity  of  electricity;  for  as  they  are  per- 
fect conductors,  it  finds  a  ready  passage  through  them  even 
when  of  low  intensity.  On  the  contrary,  to  find  its  way 
through  fluids  and  other  imperfect  conductors,  it  must  be 
evolved  in  a  high  state  of  concentration.  The  facts,  there- 
fore, accord  sufhcicntly  well  with  the  explanation,  to 
entitle  it  to  be  received  as  a  probable  hypothesis. 


*  Nicholson's  Journ-al,  8vo.  i.  139. 
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ALKALIS. 

THE  alkalis,  in  their  pure  state,  are  the  products  of  che- 
mical operations,  which  will  be  described  in  the  sequel. 
They  are  distinguished  by  the  following. 

General  Qualities. 

The  properties,  common  to  all  the  three  alkalis,  may  be 
shown  by  those  of  a  solution  of  pure  potash. 

(rt)  The  alkalis  change  vegetable  blue  colours,  as  that 
of  an  infusion  of  violets,  to  green. 

(Z»)  They  have  an  acrid  and  peculiar  taste. 

{c)  They  serve  as  the  intermedia  between  olb  and 
water. 

{d)  They  corrode  woollen  cloth ;  and,  if  the  solution  be 
sufficiently  strong,  reduce  it  to  the  form  of  a  jelly. 
ie)  They  are  readily  soluble  in  water. 


SECTION  I. 
Pure  Potash  and  pure  Soda. 

Art.  1 . — Their  Preparation  and  General  Qualities. 

To  prepare  pure  potash,  dissolve  any  quantity  of  Ame- 
rican or  Dantzic  pearlash  in  twice  its  weight  of  boiling 
water,  and  add  tJie  solution,  while  hot,  to  an  equal  weight 
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of  frcsli  quiekliine,  slaked  with  six  times  its  welglit  of  hot 
water.  Boi!  tlie  mixture  in  an  iron  kettle,  and  continue 
stirring  during  iialf  an  hour.  Then  separate  tlie  liquid 
alkali,  either  by  filtering  through  calico  or  by  subsidence  ; 
and  boil  it  to  dryness  in  a  silver  dish.  Pour,  on  the  dry 
mass,  as  much  pure  alcohol  as  is  required  to  dissolve  it ; 
put  tl»e  solution  into  a  bottle,  and  let  the  insoluble  part 
settle  to  the  bottom.  Then  decant  tlie  alcoliolic  solution; 
of  poiash ;  and  distil  oif  the  alcohol  in  an  alembic*  of  pure 
silver,  furnished  with  a  glass  head.  Pour  the  alkali,  wheri 
in  fusion,  upon  a  silver  dish,  and,  when  cold,  break  it  into 
piece",  and  preserve  it  in  a  well-stopped  bottle.  If  the 
distillation  of  tlie  alcohol  be  not  carried  so  far,  the  alkali 
will  slioot,  on  cooling,  into  regular  crystals. 

Frbm  the  recent  electro-chemical  researches  of  Mr. 
Davy,  it  appears  that  potash  is  not  completely  deprived  of 
carbonic  acid,  by  any  process  hitherto  employed  for  its 
preparation.  (Philosophical  Transactions,  1808,  355.) 
Berthollet  has  shown,  also,  in  the  second  volume  of  the 
Memoires  (VArcueil^  that  solid  potash,  even  after  being 
kept  some  time  in  a  state  of  fusion,  still  retains  a  con- 
siderable quantity  of  water,  not  less  than  13|  parts  in  100. 
This  is  pro\  ed,  besides  other  methods,  by  mixing  it  with 
iron-filings,  and  exposing  it  to  a  red-heat,  by  which  an 
enormous  quantity  of  hydrogen  gas  is  disengaged. 

In  the  same  mode  may  pure  soda  be  prepared,  substi- 
tuting the  carbonate  of  soda  for  the  peai  lash. 

These  alkalis  have  the  following  properties : 

{(i)  They  powerfully  attra(;t  moisture  from  the  atmo- 
sphere, or  deliquiatc. 


•  The  figure  of  an  alembic  inay  be  seen  in  pi.  i.  fig.  2. 
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{b)  They  readily  dissolve  irl  water,  and  produce  heat 
during  their  solution,  if  the  fused  alkalis  be  employed  j  but 
the  crystallized  alkalis  generate  coldj  when  dissolved. 

(c)  They  are  not  volatilized  by  a  moderate  heat;,  and 
hence  have  been  called  fixed  alkalis. 

(d)  When  melted  with  silex,  in  proper  proportions  and 
by  a  sufficient  heat,  they  form  glass* 

Art.  2. — Analysis  of  the  two  fixed  Alkalis. 

Though  it  had  long  been  conjectured*  tliat  the  fixed 
ulkalis  are  not  simple  or  elementary  bodies,  yet  no  distinct 
evidence  had  been  obtained  of  their  nature,  until,  in  the 
year  I8O7,  it  was  furnished  by  the  splendid  discoveries  of 
INIr.  Davy.    From  the  facts  which  have  been  stated  in  a 
former  section  respecting  the  powers  of  electrical  decom- 
position, it  appeared  to  that  philosopher  a  natural  inference 
that  the  same  powers,  applied  in  a  state  of  the  highest 
possible  intensity^  might  disunite  the  elements  of  bodies^ 
which  had  resisted  all  other  instruments  of  analysis.  If 
potash,  for  example,  were  an  oxide,  composed  of  oxygen 
united  to  an  inflammable  base,  it  seemed  to  him  probablej 
that  when  subjected  to  the  action  of  opposite  electricities, 
tlie  oxygen  would  be  attracted  by  the  positive  wire  and 
repelled  by  the  negative.    At  the  same  time,  the  reverse 
process  might  be  expected  to  take  place  with  respect  to 
the  combustible  base,  the  appearance  of  which  might  be 
looked  for  at  the  negative  pole. 

In  his  first  experiments^  Mr.  Davy  failed  to  effect  the 
decomposition  of  potash,  owing  to  his  employing  the  alkali 


*  See  Philosophical  Magazine^  xxxii.  18,  69. 
VOL.  I,  .s 
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in  a  state  of  aqueous  solution,  and  to  the  expenditure  of 
the  electrical  energy  in  the  mere  decomposition  of  water. 
In  his  next  trials,  the  alkali  was  liquefied  by  heat  in  a 
platina  dish,  the  outer  surface  of  whiclv  immediately  under 
the  alkali,  was  connected  with  the  zinc  or  positive  end  of 
a  battery  consisting  of  100  pairs  of  plates,  each  six  inche? 
square.  In  this  state,  the  potash  was  touched  with  a 
platina  wire  proceeding  from  the  copper  or  negative  end 
of  the  battery  ;  when  instantly  a  most  intense  light  was 
exhibited  at  the  negative  wire,  and  a  column  of  flame 
arose  from  the  point  of  contact,  evidently  owing  to  the 
development  of  combustible  matter.  The  results  of  the 
experiment  could  not,  however,  be  collected,  but  were 
consumed  immediately  on  being  formed. 

The  chief  difficulty  in  subjecting  potash  to  electrical 
action  is,  that  in  a  perfectly  dry  state  it  is  a  complete  non- 
conductor of  electricity.  When  rendered,  however,  in- 
the  least  degree  moist  by  breathing  on  it,  it  readily  under- 
goes fusion  and  decomposition,  by  the  application  of  strong 
dectrical  powers.  For  this  purpose,  a  piece  of  potashy 
weighing  from  6^0  to  70  grains,  m^  be  placed  on  a  small 
hisulated  plate  of  platina,  and  may  be  connected,  in  the 
way  already  described,  with  the  opposite  ends  of  a  powerful 
electrical  battery,  containing  not  less  than  100  pairs  of  six 
inch  plates.  On  establishing  the  connection^  the  potash 
will  fuse  at  both  places  where  it  is  in  contact  with  the 
platina.  A  violent  effervescence  will  be  seen  at  the  upper 
surface,  arising,  as  Mr.  Davy  has  ascertained,  from  tlie 
escape  of  oxygen  gas.  At  the  lower  or  negative  surface,. 
BO  gas  will  be  liberated  J  but  small  bubbles  will  appear, 
having  a  high  metallic  lustre,  and  being  precisely  similar 
in  visible  characters  to  quicksilver.  Some  of  these 
globules  burn  with  an  explosion  and  bright  flame  j  while 
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otlici's  &te  merely  tarnished,  and  are  protected  from  farther 
tihange  by  a  white  film,  whieli  forms  on  their  surface*. 

This  production  of  metallic  globules  is  entirely  indepen- 
dent of  the  action  or  the  atmosphere  :  for  Mr.  Davy  finds 
that  they  may  be  produced  in  iiJcuo. 

Pure  sodia  gives  similar  result- ;  but  its  decomposition 
demands  a  greater  intensity  of  action.  The  quantity  of 
soda  should  hot  exceed  15  or  ;20  grains;  and  the  distance 
between  .the  platina  surfaces  must  be  reduced  from  to  4. 
or  of  an  inch,  llie  metal  from  soda  does  not,  like 
that  from  potash,  continue  fluid  at  the  temperature  of  the 
atmosphere ;  but  speedily  becomes  solid,  and  bears  a  con- 
siderable resemblance  to  silver.  When  the  electrical 
power  is  much  increased,  globules  of  the  metal  fly  with 
gi'eat  velocity  thi-ough  the  air,  in  a  state  of  vivid  com- 
bustion, producing  beautiful  jets  of  fire. 

To  preserve  these  new  substances^  it  is  necessary  to 
immerse  them  immediately  in  pure  naphtha,  a  fluid  which 
will  be  described  in  a  subsequent  part  of  the  work.  If 
they  are  exposed  to  the  atmosphere,  they  are  rapidly  con- 
verted back  again  into  the  state  of  pure  potash  or  pure 
soda.  To  prevent  their  oxidatibn  still  more  effectually, 
Mr.  Pepys  has  proposed  to  produce  them  under  naphtha ; 
and  has  contrived  an  ingenious  apparatus  for  this  purpose, 
which  is  described  In  the  31st  volume  of  the  Philosophical 
Magazine^  page  24  h 

When  the  globules,  obtained  either  from  potash  or  soda, 
are  exposed  to  the  action  of  air  over  mercury  in  graduated 


*  For  the  repetition  of  this  experiment,  very  useful  practical 
directions  may  be  found  in  a  paper  by  Mr.  Singer — Nichol- 
son's Journai,  xxir.  l?^. 

S  '2 
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glass  tubes,  an  absorption  of  oxygen  happens ;  and  a  crust 
of  alkali  is  formed  on  tlie  surface,  which  defends  the  in- 
terior from  farther  change.  When  heat  is  applied  to  the 
globules  similarly  confined,  a  rapid  combustion  ensues, 
attended  with  a  brilliant  wliite  flame.  The  globules  are 
found,  after  the  experiment,  converted  into  a  white  sub- 
stance J  which  is  potash  when  we  have  used  those  from 
potash,  and  ^oda  when  the  globules  from  soda  have  been 
employed.  In  this  process,  oxygen  is  absorbed,  and  the 
weight  of  the  alkali  produced  is  found  to  exceed  that  of 
the  (rlobules  consumed. 

When  either  of  these  •  substance*  is  thrown  into  water, 
a  rapid  disengagement  of  hydrogen  gas  takes  place ;  and 
the  oxygen  of  the  water,  uniting  with  the  globules,  re- 
.  generates  alkali. 

Nothing  then  can  be  more  satisfactory  than  the  evidence, 
furnished  by  these  experiments,  of  the  nature  of  the  fixed 
alkaVis.  By  the  powerful  agency  of  opposite  electricities, 
each  of  them  is  resolved  into  oxygen  and  a  peculiar  base*. 
This  base,  like  other  combustible  bodies,  is  repelled  by 
positively  electrified  surfaces,  and  attracted  by  negative 
ones ;  and  hence  its  own  natural  state  of  electricity  must 
necessarily  be  positive.-  Again,  by  uniting  with  oxygen, 
these  bases  are  once  more  changed  into  alkali,  either  slowly 
at  ordinary  temperatures  j  or  with  heat  and  light,  if  their 
temperatures  be  raised.  We  have  the  evidence,  therefore, 
both  of  analysis  and  synthesis,  that  each  of  the  fixed  alkalis 
18  a  compound  of  oxygen  with  a  peculiai-  inflammable 
basis. 


The  proportions  of  oxygen  and  base  in  each  will  be 
found  at  the  end  of  the  articles  Potassium  and  Sodium. 
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But  in  what  class  of  comhustible  bodies  are  we  to  ar- 
range the  alkaline  bases  ?  Some  properties,  common  to 
both,  have  influenced  Mr.  Davy  to  place  them  among  the 
metals,  with  which  they  agree  in  opacity,  lustre,  mallea- 
bility, conducting  powers  as  to  heat  and  electricity,  and  in 
their  qualities  of  chemical  combination.  The  only  pro- 
perty, which  can  be  urged  against  this  arrangement,  is 
their  extreme  levity,  which  even  exceeds  that  of  water. 
But  when  we  compare  the  differences,  which  exist  among 
the  metals  themselves,  this  will  scarcely  be  considered  as  a 
valid  objection.  Thus  tellurium,  which  no  chemist  hesi- 
tates to  consider  as  a  metal,  is  only  about  six  times  heavier 
than  the  base  of  soda,  while  it  is  four  times  lighter  than 
platina ;  thus  forming  a  sort  of  link  between  the  old  metals 
and  the  bases  of  the  alkalis. 

In  giving  names  to  the  alkaline  bases,  Mr.  Davy  has 
adopted  that  termination,  which,  by  common  consent,  has 
been  applied  to  other  newly  discovered  metals,  and  which, 
though  originally  Latin,  is  now  naturalized  in  our  language. 
The  base  of  potash  he  has  called  potassium,  and  the 
base  of  soda  sodium  ^  and  these  names  have  met  with 
universal  acceptation  among  chemical  philosophers. 

It  is  not,  however,  by  electrical  means  only  that  the  de- 
composition of  the  fixed  alkalis  has  been  accomplished. 
Soon  after  Mr.  Davy's  discoveries  were  known  at  Paris, 
Messrs.  Gay  Lussac  and  Thenard  {Annales  de  Chimte,  Ixv. 
325,  or  3f€moir€s  d'Arcueily  ii.  299)  succeeded  in  their 
attempts  to  decompose  both  the  fixed  alkalis,  without  the 
aid  of  a  Voltaic  apparatus,  and  merely  by  the  intervention 
of  chemical  affinities.  Their  process,  though  it  affords 
the  alkaline  bases  of  less  purity,  yields  them  in  much 
larger  quantity  than  the  electrical  analysis,  viz.  to  the 
amount  of  nearly  400  grains.    It  coi^sists  in  bringing  the 
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jilkalis  into  contact  with  intensely  heated  iron,  which,  at 
tliis  temperature,  attracts  oxygen  more  strongly  than  the 
alkaline  base  retains  it. 

The  appaiatus,  used  for  obtaining  potassium,  dilfers  very 
little  from  that  which  is  commonly  employed  to  decom- 
pose water  by  means  of  iron  *.  It  consists  of  a  common 
gun-barrel  curved,  and  drawn  out,  at  one  end,  to  rather  a 
smaller  diameter,  as  represented  in  the  9th  plate,  fig.  83,  c. 
To  one  end  is  adapted  an  iron  tube  a,  of  the  capacity  of 
two  cubic  inches,  for  containing  the  potash.  At  the  bot- 
tom of  this  tube  is  a  small  hole,  through  which  the  potash 
gradually  flows.  To  the  opposite  end  of  the  gun-barrel  a 
tube  of  safety  e  is  to  be  cemented  3  and  into  this  a  suffi- 
cient quantity  poured,  either  of  mercury  or  of  naphtha.  Into 
the  gun-barrel,  2|  paits  of  very  clean  iron  turnings  are  to 
be  introduced,  and  pushed  on  to  the  bent  part  c.  The 
tube,  carefully  luted,  is  then  to  be  placed  in  a  small  fur- 
nace nine  or  ten  inches  in  diameter,  and  provided  with  a 
pair  of  double  blast  bellows,  the  pipe  from  which  is  shown 
at/'.  The  next  step  is  to  insert  the  tube  a  in  its  place, 
after  having  put  into  it  If  parts  of  pure  potash,  deprived 
of  as  much  water  as  possible  by  previous  fusion.  The 
whole  apparatus  should  bp  perfectly  dry,  clean,  and  im- 
pervious to  air. 

A  strong  heat  is  now  to  be  excited  in  the  furnace  d ; 
and  whilp  this  is  doing,  the  tube  containing  the  potash,  as 
well  as  the  opposite  end  of  the  barrel,  should  bp  kept  cool 
by  ice.  When  the  barrel  has  attained  a  white  heat,  the 
potash  in  a  may  be  melted  by  a  small  portable  furnace.  It 


*  Hacbette  in  Philosophical  Magazine,  xxxii.  89 ;  and 
Mr. E.Davy,  ditto,  page  276. 
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will  then  flow,  througli  the  smull  hole,  ujx)n  the  hon  turn- 
ings. A  considerable  quantity  of  hydrogen  gas  will  be 
evolved  by  the  decomposition  of  that  portion  of  w^tvi; 
which  the  potasli  retains  even  after  fusion,  and  which  luis 
been  shown  to  exceed  IS  per  cent.  When  the  production 
of  this  gas  slackens,  we  may  remove  the  small  furnace 
from  beneath  the  tube  a,  and  increase  the  heat  in  the  fur- 
nace d,  in  order  to  restore  to  the  iron  turnings  at  r  the  tem- 
perature proper  for  decomposing  more  potash-  'fliese 
operations  may  be  repeated,  alternately,  till  no  more  gas  is 
produced  ;  but  last  of  all,  the  heat  in  the  furnace  should 
be  strongly  raised,  in  order  to  drive  off  some  of  tlie  potas- 
tium,  which  strongly  adheres  to  the  iron  turnings. 

When  the  furnace  is  quite  cold,  the  safety  tube  e  is  to 
be  removed,  and  its  place  supplied  by  an  iron  plug.  If  the 
end  of  the  gun-barrel,  projecting  from  this  side  of  the  fur- 
nace, has  been  kept  carefully  cooled  during  the  experi- 
ment, the  metal  will  be  found  adhering  to  it,  in  the  form 
of  brilliant  laminse.  In  order  to  extract  it,  the  gun-barrel 
is  to  be  cut  at  the  commencement  of  the  part  which  has 
been  kept  cool,  where  the  greatest  quantity  will  be  found. 
Another  portion  will  be  found  close  to  the  plug,  and  this 
adheres  so  slightly  to  the  gun-ban-el,  that  the  least  effort 
serves  to  detach  it.  It  is  even  partly  oxidized  by  the  air, 
which  gains  access  during  the  cooling  of  the  furnace  ;  and 
when  the  whole  is  covered  with  naphtha,  the  oxidized  part 
is  detached  in  laminte,  exposing  a  white  and  brilliant  me- 
tallic surface. 

The  potassium,  which  is  condensed  nearest  the  fur- 
nace, must  be  detached  by  a  sharp  chisel,  and  in  the 
largest  pieces  we  can  possibly  break  off;  for  if  it  be  in 
small  molecules,  it  inflames  in  the  air,  even  at  veiy  low 
temperatures.    In  the  middle  of  the  gun-barrcl  we  sh<Ul 
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find  an  amalgam  of  potassium  and  iron,  which  hecome* 
green  on  exposure  to  tlie  ah',  the  potassium  returning  to 
the  state  of  potash. 

This  operation  has  been  successfully  repeated  in  this 
country  by  Mr.  Davy  and  others.  When  the  iron  turnings 
were  very  clean,  the  potash  very  dry  and  pure,  and  the 
whole  apparatus  free  from  foreign  matters,  the  metal  pro- 
duced differed  very  little  from  that  obtained  by  a  Voltaic 
battery.  Its  lustre,  ductility,  and  malleability  were  similar. 
Its  point  of  fusion  and  specific  gravity,  however,  were  a 
little  higher ;  for  it  required  nearly  1 30°  Fahrenheit,  to 
render  it  perfectly  fluid,  and  was  to  water  as  796  to  1000 
at  60°  Fahrenheit,  This  Mr.  Davy  ascribes  to  contamina- 
tion with  a  minute  proportion  of  iron. 

Charcoal,  it  has  been  asserted  by  Curaudau  (Nicholson's 
Journal,  xxiv.  37),  may  be  employed,  also,  for  the  decom- 
position of  the  alkalis.  To  ensure  success  in  the  process, 
great  attention,  it  appears,  is  necessar}'  to  the  manipulations, 
which  arp  fully  described  in  the  memoir  of  the  inventor. 
The  fact  sufficiently  explains  an  observation  of  Professor 
Woodhouse  (in  Nicholson's  Journal,  xxi.  290).  A  mix- 
ture of  half  a  pound  of  soot  and  two  ounces  of  pearlash, 
was  exposed  for  two  hours  in  a  covered  crucible  to  an  in- 
tense heat.  When  the  mixture  became  cold  it  was  emptied 
upon  a  plate,  and  a  small  quantity  of  water  poured  upon 
it,  when  it  immediately  took  fire.  This  could  only 
be  owing  to  the  conversion  of  part  of  the  potash  into  po- 
tassium. 

Art.  3. — Potassium, 

I.  The  base  of  potash,  at  60°  Fahrenheit,  exists  in  smaH 
globules,  which  possess  the  metallic  lustre,  opacity,  and 
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general  appearance  of  mercuiy ;  so  that  when  a  globule  of 
mercury  is  placed  near  one  of  potassium  the  eye  can  dis- 
cover no  difference  between  them.  At  this  temperature, 
however,  the  metal  is  only  imperfectly  fluid ;  at  70^^  it  be- 
comes more  fluid ;  and  at  100°  its  fluidity  is  so  perfect,  that 
several  globules  may  easily  be  made  to  run  into  one. 

By  reducing  its  temperature,  potassium  becomes,  at  50° 
Fahrenheit,  a  soft  and  malleable  solid,  which  has  the  lustre 
of  polished  silver.  At  about  the  freezing  point  of  water, 
it  becomes  hard  and  brittle,  and  exhibits,  when  broken,  a 
crystallized  texture,  which,  in  the  microscope,  seems  com-- 
posed  of  beautiful  facets  of  a  perfect  whiteness  and  high 
metallic  splendor. 

To  be  converted  into  vapour,  it  requires  a  temperature 
approaching  that  of  a  red  heat ;  and,  when  the  experi- 
ment is  conducted  under  proper  circumstances,  it  is  found, 
unaltered  after  distillation. 

II.  Potassium  is  a  perfect  conductor  both  of  electricity 
and  of  heat. 

III.  Its  specific  gravity  at  60°  Fahrenheit,  making  some 
allowance  for  imavoidable  errors  in  the  experiment,  is  as 
6  to  10,  the  latter  number  being  assumed  as  that  of  water. 
Gay  Lussac  and  '^Tbenard  make  it  between  8  and  9 ;  but 
they  probably  operated  on  a  less  pure  substance.  Even  in 
its  solid  form,  it  swims  in  naphtha,  whose  specific  gravity  is 
about  71  to  10. 

IV.  Its  combustibility  has  already  been  noticed.  At 
the  temperature  of  the  atmosphere,  it  absorbs  oxygen 
slowly ;  but  if  heated  nearly  to  redness,  or  to  its  point  of 
vaporization,  it  burns  with  a  brilliant  white  flame  and  a 
very  intense  heat. 

V.  It  appears  to  be  susceptible  of  difttrent  degrees  or 
(Stages  of  oxidizeraent.    Thus  by  heating  it  to  a  point,  be-^ 
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low  what  is  necessary  for  its  inflammation,  as  to  400*^  Fah- 
renheit, and  in  a  quantity  of  oxygen  gas  less  than  is  re- 
quired for  its  saturation,  its  tint  is  changed  to  a  reddish 
brown.  A  similar  com^wund  may  be  fomied  by  fusing  to- 
gether potassium  and  potash.  In  this  case  the  potash  gives 
up  part  of  its  oxygen  to  the  potassium,  and  a  compound  is 
obtained,  intermediate  between  the  metallic  base  and  the 
Alkali. 

VI.  The  action  of  potassium  on  water  is  attended  with 
some  beautiful  jihenomena.  When  it  is  thrown  upon 
water  exposed  to  the  atmosphere,  or  when  it  is  brought 
into  contact  with  a  drop  of  water,  it  decomposes  the  water 
with  great  violence ;  an  instantaneous  explosion  is  pro^ 
duced  with  a  vehement  flame;  and  a  solution  of  pure 
potash  is  the  result.  The  hydrogen  gas,  which  is  disen- 
gaged, appears  to  dissolve  a  portion  of  potassium ;  for,  on 
escaping  into  the  air,  it  forms  a  white  ring  of  smoke,  gra- 
dually enlarging  as  it  ascends,  like  the  phosphuretted  hy- 
drogen gas. 

When  water  is  made  to  act  on  the  base  of  potash,  atmo- 
spheric air  being  excluded,  there  is  much  heat  and  noise, 
but  no  luminous  appearance ;  and  the  gas  evolved  is  pure 
hydrogen.  It  is  of  importance  to  remember  that  each 
grain  of  potassium,  by  acting  on  water,  detaches  about 
1 .06  cubic  inch  of  hydrogen  gas. 

If  a  globule  of  the  base  of  potash  be  placed  on  ice,  it 
instantly  burns  with  a  bright  flame,  and  a  deep  hole  is 
made  in  the  ice  fiillcd  with  a  fluid  which  is  found  to  be  h 
solution  of  potash. 

The  production  of  alkali,  by  the  action  of  water  on  po- 
tassium, is  most  siitisfactorily  shown,  by  dropping  a  glo- 
bule of  the  metal  upon  moistened  paper,  which  has  been 
tinged  with  turmeric.    At  the  moment,  when  the  globule 
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comes  into  contact  with  the  paper,  it  burns,  and  moves  ra- 
pidly as  if  in  search  of  moisture,  leaving  behind  it  a  deep 
reddish  brown  trace,  and  acting  upon  the  paper,  exactly 
iike  dry  caustic  potash. 

So  strong,  indeed,  is  the  affinity  of  potassium  for  oxygen, 
that  it  discovers  and  decomposes  the  small  quantities  of 
water  contained  in  alcohol  and  ether,  even  when  carefully 
purified,  and  disengages,  from  both  these  fluids,  hydrogen 
gas. 

On  naphthji  colourless  and  recently  distilled,  potas- 
sium has  very  little  power  of  action  j  but  in  naphtha, 
which  has  been  exposed  to  the  air,  it  soon  oxidates,  and 
alkali  is  formed,  which  unites  with  the  naphtlia  into  a 
brown  soap,  that  collects  round  the  globules. 

VII.  When  thrown  ir^to  the  liquid  mineral  acids,  the 
base  of  potash  inflames,  and  burns  on  the  surllice  ;  or,  if 
kept  beneath  the  surface,  its  ett'ects  are  such  as  may  b^ 
explained  by  its  affinity  for  oxygen,  In  concentrated  sul- 
phuric acid,  a  white  saline  substance  is  formed,  which  is 
probably  concent^rated  sulphuric  acid  smrounded  by  sul- 
phur. At  the  same  time  a  gas  escapes  wlach  has  the 
smell  of  sulphurous  acid  mixed  with  hydrogen  gas.  In 
jiitrous  acid,  nitrous  gas  is  disengaged,  and  nitrate  of  pot- 
ash formed.  In  oxymuriatic  acid  gas,  it  bums  vividly  with 
bright  scintillations,  and  muriate  of  potas|i  is  generated. 

VIII.  Potassium  readily  .combines  with  the  simple  com- 
|)ustibles.  To  unite  it  with  sulphur  or  phosphorus,  it 
must  be  melted  with  these  bodies  under  naphtha. 

'flie  phosphuret  of  potassium  requires  for  its  fusion  a 
stronger  heat  than  either  of  its  constituents.  It  is  of  tlie 
colour  of  lead ;  and,  when  spread  out,  Jias  a  lustre  similar 
to  polished  lead.  By  exposure  to  the  air,  or  by  rapid  com- 
bustion, it  forms  phqsphatc  of  potash. 
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When  potassium  is  fused  with  sulphur,  in  a  vessel  filled 
with  the  vaix)ur  of  naphtha,  a  rapid  combination  ensues, 
accompanied  with  heat  and  light,  and  a  disengagement  of 
sulphuretted  hydrogen.  The  result  is  a  grey  substance  not 
unlike  artificial  sulphuret  of  iron. 

IX.  "With  mercury,  potassium  gives  some  extraordinary 
and  beautiful  results.  The  combination  is  very  rapid,  and 
is  effected  by  merely  bringing  them  into  contact  at  the 
temperature  of  tlie  atmosphere.  The  amalgam,  in  which 
the  potassium  is  in  least  proportion,  seems  to  consist  of 
about  1  part  in  weight  of  basis  and  70  of  mercury.  It  is 
very  soft  and  malleable ;  but  by  increasing  the  proportion 
of  potassium,  we  augment,  in  a  proportional  degree,  the 
solidity  and  brittleness  of  the  compound. 

In  this  state  of  division,  potassium  appears  to  have  its 
affinity  for  oxygen  considerably  increased.  By  a  few 
minutes'  exposure  to  the  air,  potash  is  formed  which  deli- 
quiates,  and  the  mercury  is  left  pure  and  unaltered. 
When  a  globule  is  thrown  into  water,  it  produces  a  rapid 
decomposition  and  a  hissing  noise ;  potash  is  formed ;  pure 
liydrogen  disengaged  ;  and  the  mercury  remains  free. 

The  fluid  amalgam  of  potassium  and  mercury  dissolves 
all  the  metals ;  and  in  this  state  of  union,  mercury  even 
acquires  the  power  of  acting  on  platina. 

Potassium  unites,  also,  with  gold,  silver,  and  copper ; 
and,  when  the  compounds  are  thrown  into  water,  tliis  fluid 
is  decomposed,  potash  is  formed,  and  the  metals  are  sepa-i 
rated  unaltered. 

X.  Potassium  reduces  all  the  metallic  oxides  when  heated 
with  them,  even  of  those  which  most  powerfully  attract 
oxygen,  such  as  oxides  of  iron.  In  consequence  of  this 
property  it  decomposes  and  corrodes  flint  and  green  glass 
by  a  very  gentle  heatj  potash  is  generated  with  the  oxyge» 
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taken  from  tlie  metal,  which  dissolves  the  glass  and  ex- 
poses a  new  surface.  At  a  red  heat  even  the  purest  glass, 
formed  merely  of  potash  and  silex,  is  acted  upon.  The 
alkali  in  the  glass  seems  to  give  up  a  part  of  its  oxygen  to 
the  potassium,  and  an  oxide  of  potassium  results,  with  a 
less  proportion  of  oxygen  than  is  necessary  to  constitute 
potash.  The  silex,  also,  it  is  probable,  is  partly  de-oxi- 
dized. 

From  this  summary  of  the  action  of  potassium,  it  appears 
that  all  the  most  remarkable  etFects  which  it  exhibits,  are 
connected  with  its  affinity  for  oxygen,  which  is  sufficiently 
energetic  to  enable  it  to  take  oxygen  from  all  other 
bodies.  Hence  the  application  of  potassium  to  any  sub- 
stance is  the  best  test  of  its  containing  oxygen,  which,  if 
present,  it  cannot  fail  to  detect. 

It  was  important  to  determine  the  proportions  in  which 
potassium  and  oxygen  combine,  when  potash  is  re-gene- 
rated. This  Mr.  Daxy  investigated  by  two  different  pro- 
cesses. The  one  consisted  in  ascertaining  how  much 
oxygen  gas  disappears  by  the  action  of  a  given  quantity  of 
potassium ;  the  other  how  much  hydrogen  is  disengaged 
from  water  by  a  knoun  weight  of  the  same  substance. 
Dividing  the  bulk  of  the  hydrogen  gas  by  2,  he  learned 
the  quantity  of  oxygen  which  had  been  taken  from  the 
water. 

The  CO- incidence  of  results,  obtained  by  these  difterent 
methods,  is  a  strong  confirmation  of  their  accuracy.  By 
the  action  of  potassium  on  oxygen  gas,  it  appeared,  on  an 
average,  that 


Potash  consists  of  ^ 


86.1  potassium. 
13.9  oxygen. 
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By  the  acrency  of  water,  the  proportions  differed  only  by 
a  small  frnction,  so  that  we  may  state  in  round  nunlbcr?! 
that  the  base  is  to  the  oxygen  as  six  to  one,  or  that 

f  8G  potassium* 
i'wtash  IS  Gomposeu  or  i 

(.14  oxygen- 

100 

Potassureted  Hydrogen  Gas, 

This  name  I  would  propose  for  the  solution  of  potas-^ 
sium  in  hydrogen  gas,  which,  it  has  already  been  stated, 
results  from  the  action  of  potassium  on  water,  and,  as  ap- 
pears from  Mr.  Daxy^s  experiments,  may  be  formed* 
directly,  by  heating  the  metal  in  hydrogen  gas.  A  large 
portion  of  potassium  is  thus  dissolved ;  but  the  greater  part 
precipitates  on  cooling.  Tlie  properties  of  this  gas  have 
not  been  minutely  investigated.  It  is  spontaneously  in^ 
flammable  in  the  atmosph<ijre  ;  burns  with  a  very  brilliant 
light,  wliich  is  purple  at  the  edges ;  and  throws  off  dense 
vapours  of  potash. 

It  does  not  appear  that  potassium  has  any  power  of  ab- 
sorbing and  condensing  hydrogen.  Neither  is  the  base  of 
this  gas  at  all  acted  upon  l)y  potash  ;  a  fact  among  many 
othei-s,  contradictoiy  of  the  theory  of  Gay  Lussac  and 
Thenard,  that  potassium  is  a  compound  of  hydrogen  and 
potash. 

Art.  4. -^Sodium. 

The  base  of  soda  agrees  in  many  of  its  properties  with 
the  base  of  potash,  and  exerts  on  several  bodies  a  precisely- 
similar  action,  except  that  the  results  arc  compounds  of 
?oda  instead  of  potash.   Thus  with  nitric  acid  it  afford** 
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nitrate  of  soda ;  with  oxy-muriatic  acid,  muriate  of  soda. 
In  this  place,  therefore,  I  sliall  describe  only  such  of  its 
properties  as  are  peculiar  to  and  characteristic  of  It. 

I.  Sodium,  at  common  temperatures,  exisi-s  in  a  solid 
form.  It  is  white,  opaque ;  and,  wlien  examined  under  a 
thin  film  of  naphtha,  has  the  lustre  and  gen»:ral  appearance 
of  silver.  It  is  exceedingly  malleable,  and  much  softer 
than  any  of  the  common  metallic  substances.  Wlien 
pressed  upon  by  a  platina  blade  with  a  small  force,  it 
spreads  into  thin  leaves ;  and  a  globule  of  -^^th.  or  ^ih  of 
an  inch  in  diameter  is  easily  spread  over  a  surface  of  a 
quarter  of  an  inch.  This  property  is  not  diminished,  by 
cooling  it  to  32°  Fahrenheit.  Several  globules,  also,  may, 
by  strong  pressure,  be  forced  into  one ;  so  that  the  pro- 
perty of  welding,  which  belongs  to  platina  and  iron  at  a 
strong  heat  only,  is  possessed  by  this  substance  at  common 
temperatines. 

II.  It  is  lighter  than  water.  As  near  as  can  be  deter- 
mined, its  specific  gravity  is  as  0.9348  to  1 . 

III.  It  is  much  less  fusible  than  the  base  of  potash.  At 
]  20°  Fahrenheit,  it  begins  to  lose  its  cohesion,  and  it  is 
a  perfect  fluid  at  about  180°.  Hence  it  readily  fuses  under- 
heated  naphtha. 

IV.  Its  point  of  vaporization  has  not  been  ascertained ; 
but  it  remains  fixed,  in  a  state  of  ignition,  at  the  point  of 
fusion  of  plate  glass. 

V.  When  SODIUM  is  exposed  to  the  atmosphere,  it  im- 
mediately tarnishes,  and  by  degi'ees  becomes  covered  with 
a  white  cmst  of  soda,  which  deliquiates  more  slowly  than 
that  formed  on  potassium. 

VI.  It  combines  with  oxygen,  slowly  and  without  lumi- 
nous appearance,  at  all  common  temperatures.  When 
heated,  the  combination  becomes  more  rapid;  but  no 
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liglit  i<  cinilted  till  it  becomes  nearly  red  hot.  The  flame, 
which  it  then  produces  is  whitCj  and  it  sends  forth  bright 
sparks,  exhibiting  a  very  beautiful  effect.  In  common  air, 
it  burns  with  a  similar  colour  to  charcoal^  but  of  much 
greater  splendor. 

VII.  When  thrown  into  water,  it  produces  a  violent 
effervescence  and  a  loud  hissing  noise  ;  it  combines  witli 
the  oxygen  of  the  water  to  form  soda  ;  and  hydrogen  gas 
is  evolved,  which  does  not  however,  as  in  the  case  of  potas- 
siuui,  hold  any  of  the  alkaline  base  in  solution.  Neither 
can  sodium  be  made  to  dissolve  in  hydrogen  gas,  by  being 
iicated  in  contact  with  it. 

When  thrown  into  hot  water,  the  decomposition  is  more 
violent,  and  in  this  case  a  few  scintillations  are  generally 
observed  at  the  surface  of  the  fluid ;  but  this  is  owing  to 
small  particles  of  the  base,  wliich  are  ejected  from  the 
water,  sufficiently  heated  to  burn  in  passing  through  the 
atmosphere. 

VIII.  Its  action  on  alcohol,  ether,  volatile  oils,  and 
acids,  is  similar  to  that  of  potassium ;  but  with  nitric  acid  a 
vivid  inflammation  is  produced. 

IX.  Sodium  appears  to  be  susceptible  of  different  de- 
grees of  oxydation.  Thus  when  it  is  fused  with  dry  soda,, 
a  partition  of  oxygen  takes  place  between  the  alkali  and  the 
base.  A  deep  brown  fluid  is  produced,  which  becomes  a 
dark  grey  solid  on  cooling.  This  substance  is  capable  of 
attracting  oxygen  from  the  atmosphere,  and  of  decom- 
posing water,  by  which  it  is  again  converted  into  soda.  The 
same  oA-ide  of  sodium  is  formed,  by  fusing  this  metal  in 
tubes  of  plate  glass. 

X.  There  is  scarcely  any  difference  between  the  visible 
phenomena  attending  the  action  of  the  base  of  soda,  and 
tkat  of  potash  on  sulphui',  jihosphorus,  and  the  nictuls. 
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The  sulphiiret  of  sodium  has  a  deep  grey  colour;  the 
phosphuret  resemliles  lead.  Added  to  mercury  in  the 
proportion  of  ^ioth,  it  renders  that  metal  a  fixed  solid  ot" 
the  colour  of  silver,  and  the  combination  is  attended  with 
a  considerable  degree  of  heat.  This  amalgam  seems,  like 
that  of  potassium,  to  form  triple  compounds  with  other 
metals,  and  even  with  iron  and  platina,  which  remain 
imited  with  the  mercury,  when  it  is  deprived  of  the  new 
metal  by  the  action  of  air. 

The  proportions  in  which  this  base  unites  with  oxyg"^ 
to  form  soda  were  investigated  by  the  methods  already  de- 
scribed in  the  article  potassium.  Of  these  the  average  re- 
sult is  that  the  base  and  oxygen  exist  in  soda  in  the  propor- 
tions of  7  to  2 ;  hence 

Soda  is  composed  of  |  sod'um. 
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SECTION  ir. 
Pure  Ammonia. 

Art.  1. — Preparation  and  Qualities  of  Ammonia. 

I.  Ammonia,  in  its  purest  form,  subsists  in  the  state  of 
a  gas.  In  order  to  procure  it^  one  of  the  following  pro- 
cesses may  be  employed. 

(«)  Mix  together  equal  parts  of  muriate  of  ammonia 
and  quicklime,  each  separately  powdered ;  and  introduce 
them  into  a  small  gaf  bottle  or  retort.    Apply  the  heat 
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of  a  lamp  j  and  receive  the  gas,  tliat  is  liberated,  over  mer- 
cury. 

(b)  To  a  saturated  solution  of  ammonia  in  water,  or 
the  pure  liquid  ammonia,  in  a  gas  bottle,  apply  the  heat 
of  a  lamp ;  aiid  collect  the  gas,  as  in  a. 

n.  This  gas  has  the  following  properties : 
(a)  It  has  a  strong  and  very  pungent  smell. 
(Z»)  It  immediately  extinguishes  flame ;  and  is  fatal  to 
animals.  Before,  however,  a  candle  is  extinguished,  by 
immersion  in  this  gas,  the  flame  is  enlarged,  by  the  addi- 
tion of  another,  of  a  pale  yellow  colour,  which  descends 
from  the  mouth  of  the  jar  to  the  bottom.  If  the  flame  of 
the  candle  be  only  in  part  immersed  in  the  gas,  this  yel- 
lowish flame  rises  a  few  lines  above  the  other. 

(c)  It  is  lighter  than  atmospheric  air.  Hence  a  jar 
filled  with  this  gas,  and  placed  with  its  mouth  upwards,  is 
soon  found  to  change  its  contents  for  common  air,  which, 
being  heavier,  descends,  and  displaces  the  ammoniacal 
gas.  One  hundred  cubic  inches  of  this  gas  weigh  1 8.05 
gniiui,  barometer  30°,  thermometer  55°;  or  17-86  grains^ 
the  j)iessure  being  the  same  and  the  thermometer  G0°. 
By  the  recent  experiments  of  Messrs.  Allen  and  Pepys 
(^Philosophical  Transactions,  1808,  page  39),  undertaken 
at  the  desire  of  Mr.  Davy,  100  cubic  inches  of  ammonia 
weigh  18,18  grains,  barometer  30^,  thermometer  60°,  Ac- 
cording to  Gay  Lussac,  its  specific  giavity  is  to  that  of  com- 
nion  air  .'i^  0.596  to  10;  and  hence  (taking  100  cubic 
inches  of  air  at  31  grains)  100  cubic  inches  of  ammonia 
weigh  18.47  grrans. 

(d)  It  is  not  sufliciently  inflammable  to  burn  when  iu 
contact  with  common  air. 

(e)  It  is  rapidly  absorbed  by  water.  A  drop  or  two  of 
water  being  admitted  to  a  jar  of  this  gas,  confined  over 
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mercury,  the  gas  will  be  immediately  absorbed,  and  the 
mercury  will  rise,  so  as  to  fill  the  whole  of  the  jar,  pro- 
vided the  gas  be  sulficiently  pure.  Ice  produces  the  same 
rtfect,  in  a  still  nlore  remarkable  manner.  From  Mr. 
Davy's  experiments,  it  appears  that  iOO  grains  of  watet 
absorb  34  grains  of  ammoniacal  gas,  or  190  cubic  inches. 
Therefore  a  cubic  incli  of  water  takes  up  475  cubic  inches 
of  the  gas. 

Alcohol,  also,  absorbs  several  times  its  bulk,  arid  affords 
a  solution  of  ammonia  in  alcohol,  which  possesses  the 
strong  smell  and  other  properties  of  the  gas. 

if)  Water;  by  saturation  with  this  gas,  acquires  its 
peculiar  smell;  and  constitutes  what  has  been  called 
liquid  ammonia  ;  or,  more  properly,  solution  of  pure  am- 
monia in  water.  The  method  of  effecting  this  impregna- 
tion will  be  described  hereafter ;  and  processes  will  be 
ff-iven  fbr  obtaining  the  solution  of  ammonia  in  considerable 
quantity,  which  cannot  conveniently  be  accomplished  by 
the  process  described  in  experiment  e.  This  solution 
«gain  yields  its  gas  on  applying  heat.  (See  I.  b.) 

Art;  2.—Elevtf  ital  Anahjsis  of  Ammonia. 

(I)  Ammoniacal  gas  is  decomposed  by  electricity;  Into 
a  glass  tube,  having  a  conductor  sealed  hermetically  into 
one  end  (fig.  29)  and  standing  inverted  over  mercury,  pass 
about  one  tenth  of  a  cubic  inch  of  ammoniacal  gas ;  and 
send  through  it  a  succession  of  electrical  discharges  from 
a  Leyden  jar.  The  arrangement  of  the  apparatus,  for  this 
purpose,  is  shown  in  fig.  84,  pi.  ix.  and  is  described  in 
chap.  V.  sect.  1.  When  two  or  three  hundred  discharges 
have  been  transmitted,  the  gas  will  be  found  to  have  in- 
creased to  ahnost  twice  its  original  bulk,  and  to  have  lost 
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its  property  of  being  absorbed  by  water.  Mix  it  with  a 
quantity  of  oxygen  gas,  equal  to  between  one  third  and  one 
half  of  its  bulk,  and  pass  an  electric  spark  through  the 
mixture.  An  explosion  will  immediately  haj)pen ;  and 
the  quantity  of  gas  will  be  considerably  diminished.  Note 
the  amount  of  the  diminution  by  firing;  divide  it  by  3; 
and  multiply  the  product  by  2.  The  result  shows  the  quan- 
tity of  hydrogen  gas  in  the  mixed  gases  which  have  been 
generated  by  electricity  j  for  two  measures  of  hydrogen 
are  saturated  by  one  of  oxygen  gas. 

Suppose,  for  example,  that  we  expand  10  measures  of 
ammonia  to  18;  and  that,  after  adding  8  measures  of 
oxygen  gas,  we  find  the  whole  (=26  measures)  reduced  by 
firing  to  6  measures ;  the  diminution  will  be  20.  Divid- 
ing 20  by  3  we  have  6.66,  which  multiplied  by  2  gives 
13.32  measures  of  hydrogen  gas  from  10  of  ammonia. 
Deducting  13.32  from  18,  we  have  4.68  for  the  nitrogen 
gas  contained  in  the  product  of  electrization.  Therefore 
10  measures  of  ammonia  have  been  destroyed,  and  ex- 
panded into 

13,32  measures  of  hydrogen  gas. 
4.68  nitrogen  gas. 

According  to  the  above  proportions,  100  cubic  inches  of 
ammonia,  which  weigh  about  18  grains,  if  they  could  be 
decomposed  by  electricity,  would  give  about  133  cubic 
inches  of  hydrogen  weigliing  3.5  grains,  and  46  of  nitro- 
gen weighing  14.4  grains,  in  all  17.9  giains,  or  one  tenth 
of  a  grain  less  than  the  ammonia  decomposed. 

(2)  Ammonia  may  be  decomposed  by  transmitting  the 
gas  through  a  red-hot  porcelain  tube,  placed  horizontally 
in  a  furnace  as  represented  fig.  40.  The  products  are  hy- 
diogen  and  nitrogen  gases. 
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(3)  Tiie  decomposition  of  ammonia  may  also  be  easily 
shown,  by  galvanizing  a  saturated  solution  of  ammonia  in 
water.  In  this  experiment  a  considcral^le  quantity  of  gas 
is  produced.  Expose  it  over  a  solution  of  sulphuret  of 
potash.  A  small  part  of  it,  being  oxygen  gas,  will  dis- 
appear. The  remainder  consists  of  hydrogen  and  nitrogen 
gases. 

(4)  In  the  Philosophical  Transactions  for  1809,  I  have 
described  a  property  of  ammonia,  which  forms  the  basis  of 
a  very  easy  and  quick  mode  of  analyzing  that  alkali. 
When  mingled  with  oxygen  gas  it  may,  I  find,  be  inflamed 
by  the  electric  spark,  precisely  like  a  mixture  of  hydrogen 
and  oxygen  gases.  To  obtain  accurate  results,  however,  it 
is  "necessary  to  use  less  oxygen  at  first,  than  is  sufficient  to 
saturate  the  vvhole  hydrogen  of  the  alkali.  This  is  easily 
calculated.  If,  for  example,  we  take  10  measures  of  am- 
monia, we  must  use  less  oxygen  than  will  saturate  13  or  14 
measures  of  hydrogen  gas,  the  quantity  which  exist  in  10  of 
ammonia ;  and  which  require  about  7  of  oxygen  gas. 
It  will  be  advisable,  tlierefore,  not  to  add  above  5  of 
oxygen.  The  whole  15  will  probably  after  firing  be  re- 
duced to  about  9.  To  the  remaining  gas  admit  4  or  5 
measures  more  of  oxygen ;  and  on  passing  the  electric 
spark  again,  a  second  explosion  will  happen,  with  a  dimi- 
nution of  about  6  measures.  But  in  the  first  explosion, 
the  whole  of  the  oxygen  disappears,  and  it  must  therefore 
have  saturated  a  quantity  of  hydrogen  equal  to  10  mea- 
sures ;  besides  which,  two  thirds  of  the  second  diminution 
(6  -j-  3  X  2)  =  4  measures  are  owing  to  the  condensation 
of  hydrogen.  Hence  the  whole  hydrogen  \z  [0 4  =  14. 
The  nitrogen,  the  whole  of  which  exists  in  the  product  of 
the  first  detonation,  is  ascertained  by  deducting  from  it 
(viz.  from  9  in  the  present  instance)  the  second  quantity 
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of  hydrogen  (4)  which  gives  5  for  the  nitrogen.  These 
numbers  may  not,  perhaps,  be  exactly  obtained  by  experi- 
ment ;  and  they  are  given  merely  as  a  general  illustration 
of  the  process. 

By  experiments  of  this  kind,  1  have  determined  that  100 
measures  of  ammonia  require,  for  saturating  the  hydrogen 
which  they  contain,  between  6/  and  68  of  pure  oxygen 
gas,  and  afford 

Of  hydrogen  gas  about    1 36  measures, 
nitrogen  gas    -47  measures. 

i.83. 

I'he  results  of  this  analysis  furnish  a  good  example  of 
the  condensation  of  the  elements  of  gases  M'hich  takes 
place  on  chemical  union :  for  if  we  could  by  any  means 
convert  a  mixture  of  136  measures  of  hydrogen  with  47 
of  nitrogen  into  ammonia,  the  new  gas  would  only  fiH 
1 00  measures.  Simple  mktuie  of  these  gases,  however, 
even  in  the  same  propoktions  which  are  obtained  by  ana- 
lyzing ammonia,  is  not  sufficient  to  generate  this  alkali.  The 
caloric,  with  which  the  hydrogen  and  nitrogen  are  re- 
spectively combined,  opposes,  by  its  elasticity,  an  obstacle 
to  their  union,  and  places  them  beyond  the  sphere  of  their 
mutual  attractions.  If  these  elements  are  presented  to 
each  othei-  when  one  or  both  are  deprived  of  part  of  their 
caloric,  combination  then  takes  place ;  and  the  composi- 
tion of  the  volatile  alkali  is  proved  synthetically,  as  in  the 
following  experiment. 

When  iron  filings,  moistened  with  water,  are  exposed  to 
nitrogen  gas  confined  over  mercury,  the  gas,  after  some 
time  has  elapsed,  acquires  the  smell  of  volatile  alkali.  In 
this  case,  the  iron  decomposes  the  water  and  seizes  its 
pxygen ;  while  the  hydrogen,  at  the  moment  of  its  libera.^ 
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tion,  unites  with  nitrogen  and  composes  ammonia.  This 
state  of  condensation,  or  absence  of  the  quantity  of  caloric 
necessary  to  bring  it  into  a  gaseous  form,  has  been  called 
the  nascent  state  of  hydrogen ;  and  the  same  term  has  been 
applied  to  the  bases  of  other  gases  when  in  a  similar  state. 

Art.  3. — Decomposition  of  Ammonia  hy  Potassium, 

Beside  the  hydrogen  and  nitrogen  which,  it  has  already 
been  stated,  are  obtained  by  decomposing  ammonia,  it 
has  lately  been  conjectured  by  Mr.  Davy  that  this  alkali 
contains,  also,  a  small  proportion  of  oxygen,  not  exceed- 
ing seven  or  eight  parts  in  the  hundred.  The  argimients, 
which  he  has  brought  in  favour  of  this  opinion,  are  derived 
chiefly  from  the  following  facts. 

1.  When  he  decomposed  ammonia  by  electricity,  the 
gases  produced  fell  short,  by  nearly  one  eleventh,  of  the 
weight  of  the  ammonia  employed;  in  other  words  100 
grains  of  arnraonia  gave  only  about  91  grains  of  perma- 
nent gases.  To  obtain  this  result,  however,  several  pre- 
cautions are  necessarj',  which  arc  fully  stated  by  Mr.  Davy 
in  the  Philosophical  Transactions  for  1809,  page  460. 

2.  By  repeatedly  transmitting  ammoniacal  gas  (previ- 
ously deprived,  by  passing  it  through  a  tube  surrounded  by 
a  freezing  mixture,  of  as  much  water  as  possible)  over 
red-hot  Iron  wire,  the  metal  became  superficially  oxidized, 
and  gained  a  very  slight  increase  of  weight.  It  is  proper, 
however,  to  state  that  a  similar  experiment  was  made  by 
Mr.  BerthoUet,  junior,  with  different,  or  at  least  with 
equivocal,  results.  Besides,  a  very  minute  addition  of  oxy- 
gen might  be  furnished  to  the  iron  by  the  decomposition 
of  a  small  portion  of  water,  which  ammoniacal  gas,  in 
common  with  all  other  gajjcs,  contains ;  and  which  woujd 
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scarcely  be  separated  from  it  by  the  temperature  of  a 
freezing  mixture. 

It  must  be  acknowledged,  however,  that  the  indirect 
evidence,  in  favour  of  the  presence  of  oxygen  as  an  ele- 
ment of  ammonia,  which  is  furnished  by  other  experiments 
of  Mr.  Davy,  is  much  stronger  than  that  derived  from  the 
results  of  its  analysis.  These  experiments  even  go  so  far 
as  to  suggest  that  ammonia  may,  like  the  fixed  alkalis,  be 
an  oxide  of  a  peculiar  metal,  or  at  least  of  some  compound 
containing  the  elements  of  a  metal.  And,  as  hydrogen 
and  nitrogen  alone  are  obtained  by  the  electrical  analysis 
of  ammonia,  it  will  follow  that  the  metal  in  question  is 
either  a  compound  of  those  two  bases,  or  a  component 
pai-t  of  one  of  them.  If  this  should  be  established,  we 
shall  obtain  proof  of  a  fact  of  the  greatest  novelty  and  cu- 
riosity, viz.  the  existence  of  a  metal  or  a  metallic  oxide, 
whose  natural  state  is  that  of  an  aeriform  fluid. 

To  understand  the  general  outline  of  these  experiments, 
it  may  be  necessary  to  premise  that  whenever  mercury, 
after  combination  with  another  substance,  retains  in  h 
great  measure  its  characteristic  properties,  and  forms  what 
has  been  called  an  amalgam,  we  infer  that  the  change  has 
been  produced  by  its  union  with  a  metal ;  for  the  metals 
are  the  only  bodies  which  are  capable  of  amalgamating 
with  quicksilver.  Now  it  was  found,  by  M.M,  Berzelius 
and  Pontin  of  Stockholm,  that  when  mercury,  negatively 
electrified  in  the  Voltaic  circuit,  is  placed  in  contact  with 
solution  of  ammonia,  it  gradually  expands  to  four  or  five 
times  its  dimensions,  and  becomes  a  soft  ^olid,  which,  at 
70°  or  80°  Fahrenheit,  has  the  consistence  of  butter.  At 
the  freezing  temperature,  it  becomes  firmer,  and  forms  a 
crj'stallized  mass,  in  which  small  shining  facets  appear. 
By  this  combination,  it  is  very  remarkable  that  mercury 
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gains  an  addition  of  only  about  one  twelve  thousandth 
part  of  its  weight ;  and  yet  has  its  specific  gravity  so  much 
increased,  that  from  being  between  13  and  14  times  hea- 
vier than  water,  it  becomes  only  three  times  heavier.  Its 
colour,  lustre,  opacity,  and  conducting  powers  remain  un- 
impaired. 

When  this  amalgam  is  exposed  to  the  atmosphere,  oxy- 
gen is  absorbed ;  ammonia  is  reproduced ;  and  the  quick- 
sil  ver  is  recovered  in  its  metallic  form.  When  thrown  into 
water  ammonia  is  also  regenerated,  and  quicksilver  sepa- 
rated, hydrogen  gas  being  at  the  same  time  evolved.  It 
appears,  then,  that  in  tlie  formation  of  the  amalgam,  mer- 
cury combines  with  one  or  more  of  the  elements  of  ammo- 
nia, and  that  in  the  subsequent  oxidation  of  what  is  thus 
acquired  by  the  ammonia,  consists  the  process  of  regene- 
rating alkali.  In  tliis  view  of  the  subject,  there  certainly 
appears  great  reason  to  believe  that  oxygen  is  one  of  the 
constituents  of  ammonia;  but  the  (kcts  are  not  sufficiently 
sirfiple  to  furnish  incontrovertible  evidence. 

On  the  supposition  that  the  unknown  substance,  which 
amalgamates  with  the  mercury,  is  of  a  metallic  nature, 
Mr.  Davy  has  proposed  for  it  the  term  ammonium.  All 
attempts  to  detacli  it  from  this  combination,  and  to  exhi- 
bit it  in  a  separate  form,  have  hitherto  failed ;  and  it  still 
remains  an  object  of  farther  investigation. 

It  was  reasonable  to  expect  tliat  oxygen,  if  contained  in 
ammonia,  would  be  discovered  by  the  action  of  potassium; 
which,  in  that  ease,  would  be  converted  into  potash.  Ac- 
cordingly it  was  found  that  by  heating  this  new  metal  in 
ammoniacal  gas,  its  surface  soon  became  covered  with  a 
crust  of  potash.  By  continuing  the  heat,  this  crust  soon 
disappeared ;  and  the  whole  of  the  potassium  was  con- 
verted into  a  dark  olive-coloured  substance,  and  acquired 
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an  increase  of  about  one  third  its  original  weight.  At  'he 
same  time,  pure  hydrogen  gas  was  evolved,  and  constituted 
the  only  aeriform  remainder.  This  last  fact  is  peculiarly 
curious  and  important. 

The  olive-coloured  substance,  thus  obtained,  was  heavier 
than  water  J  was  fusible  at  a  heat  a  little  above  212* 
Falirenheit;  and,  if  heated  much  higher,  emitted  gas. 
When  immersed  in  water,  ammonia  was  produced,  and 
bubbles  of  hydrogen  gas  were  disengaged.  If  moisture 
could  have  been  employed  in  exactly  the  proper  quantity, 
Mr.  Davy  believes  that  the  ammonia  regenerated  would 
have  been  exactly  equal  to  that,  wliich  disappeared  in  the 
first  part  of  the  process.  By  distillation  j)€r  se,  the  fusible 
substance  gave  oif  a  little  undecomposed  ammonia,  and 
hydrogen  and  nitrogen  gases  in  the  proportion  of  2^  mea- 
sures to  1.  The  residue  of  this  distillation  was  a  black, 
shining,  opaque,  and  brittle  substance ;  which  was  highly 
inflammable  when  exposed  to  air  at  the  ordinary  tem- 
perature. When  added  to  water,  it  effervesced  violently; 
ammonia  was  generated ;  a  little  hydrogen  evolved ;  and 
potash  remained.  In  oxygen  gas,  it  burned  vividly ;  and 
a  quantity  of  nitrogen  resulted,  less  in  bulk  than  ought  to 
have  been  obtained  from  the  ammonia  decomposed ;  but 
wo  ammonia  was  regenerated.  When  submitted  to  dis- 
tillation 2}er  se,  in  a  platina  tube  (which  was  done  with  the 
expectation  that  nitrogen  gas  alone  would  have  been 
evolved)  a  gas  was  obtained,  of  which  one  fifth  only  was 
nitrogen,  and  four  fiftlis  hydrogen,  and  which  contained 
no  ammonia.    In  the  tube  potash  remained. 

The  explanation  of  these  results  is  attended  with  con- 
siderable difficulty.  The  fusible  substance,  formed  in  the 
first  part  of  the  process,  Mr.  Davy  is  disposed  to  consider 
us  an  alloy  of  potassium  with  ammonium,    When  it  is 
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acted  on  by  water,  both  these  bodies  are  oxidated,  and  are 
consequently  changed,  the  potassium  into  potash,  and  the 
ammonium  into  volatile  alkali ;  -.vhile  the  hydrogen  of  the 
M^ater  is  set  at  liberty.  There  are  some  circumstances, 
iiowever,  attending  its  production,  which  are  not  a  little 
perplexing.  Annnonia,  by  electrical  analysis,  yields  both 
hydrogen  and  nitrogen  gases.  Yet  by  the  action  of 
potassium,  hydrogen  gas  alone  is  evolved,  and  in  quantity 
nearly  equal  to  what  the  ammonia  contains.  What  then 
becomes  of  the  nitrogen  ?  The  most  obvious  conclusion 
appeared  to  be,  that  it  must  remain  combined  with  the 
jx)tassium,  and  would  probably  be  developed  by  the  action 
of  lieat.  Yet,  by  distilling  the  fusible  substance,  a  gas  was 
evolved  containing  more  hydrogen  and  less  nitrogen,  than 
exists  in  the  product  of  the  electrization  of  ammonia.  For 
example,  1 1  cubic  inches  of  ammonia  give,  by  electrical 
decomposition,  about  14  cubic  inches  of  hydrogen  gas  and 
about  5^  of  nitrogen.  But  by  the  agency  of  potassium  on 
tlie  same  quantity  of  ammonia,  six  cubic  inches  (omitting 
fractions)  of  hydrogen  gas  were  obtained  in  the  first  in- 
stance ;  and,  by  the  distillation  of  the  fusi})le  substance, 
10  cubic  inches  more,  making  in  all  16".  By  these  pro- 
cesses, only  3|  cubic  inches  of  nitrogen  gas  were  obtained. 
It  appears  then  that  two  cubic  inches  of  hydrogen  were 
evolved,  more  than  existed  in  the  ammonia  at  the  outset ; 
and  that  there  was  a  loss  of  two  cubic  inches  of  nitrogen. 
Tlie  most  probable  explanation  of  the  fact  is,  that  a  part 
pf  the  i^itrogen  was  decomposed,  into  oxygen  which  united 
with  the  potassium,  and  hydrogen  which  appeared  in  a 
gaseous  state. 

Tims  we  acquire  new  views  of  the  nature  of  nitrogen, 
which,  if  confirmed,  will  lead  us  to  regard  it  as  an  oxide  of 
ijydrogrn.    It  will  follow  aNo  that  hydrogen  is  the  only 
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ingredient  of  ammonia,  which  is  essentially  metallic,  and 
capable  of  amalgamating  with  mercury;  and  thus  even 
water  itself  will  be  considered  as  a  metallic  oxide. 

By  subsequent  experiments  on  this  subject*,  Mr,  Davy 
has  established  the  accuracy  of  his  former  results.  In  the 
distillation  of  the  fusible  substance,  he  has  found,  moreover, 
that  the  proportion  of  the  nitrogen  to  the  hydrogen  di- 
minishes in  the  latter  stages  of  the  process.  When  the 
fusible  su])stance  is  distilled  with  an  addition  of  potassium, 
the  proportion  of  nitrogen  to  hydrogen  is  still  farther 
diminished ;  and  a  large  quantity  of  potash  is  generated. 
The  same  result  is  the  more  remarkable,  in  proportion  as 
the  heat  is  quickly  raised ;  while,  by  a  slow  and  cautious 
distillation,  the  whole  product  of  elastic  matter  is  lessened, 
and  the  nitrogen  bears  a  greater  proportion  to  the  hydrogen. 
The  action,  then,  of  fresh  potassium  on  the  fusible  sub- 
stance appears  to  consist  in  its  decomposing  a  still  farther 
proportion  of  nitrogen  into  hydrogen  and  oxygen. 

Though- these  facts  cannot  be  easily  explained,  except 
on  the  supposition  that  nitrogen  is  an  oxide;  yet  (as  is 
candidly  acknowledged  by  Mr.  Davy),  in  processes  so  de- 
licate and  complicated,  and  involving  such  numerous  data, 
we  cannot  be  certain  that  every  source  of  fallacy  has  been 
avoided,  and  every  circumstance  observed  and  reasoned 
upon. 


*  Philosophical  Transactions,  1809,  page  4-50. 


CHAPTER  IX. 


EARTHS. 

THE  term  earth  was,  till  lately,  employed  to  denote  "  a 
tasteless,  inodorous,  dry,  brittle,  and  uninflammable  sub- 
stance, not  more  than  five  times  heavier  than  water."  This 
definition,  however,  was  rendered  imperfect  by  the  dis- 
covery, that  certain  earths  have  a  strong  taste,  and  arc 
readily  soluble  in  water,  which  yet  possess  the  other  cha- 
racters of  eai"thv  bodies.  Some  of  the  earths  were  there- 
fore  removed  from  this  class,  and  arranged  among  the 
alkalis.  The  classification,  however,  which  appears  to  me 
most  eligible,  is  that  which  divides  them  into  earths  simply, 
and  alkalbie  earths;  the  latter  partaking  of  the  characters 
both  of  earths  and  alkalis.  The  alkaline  earths  are  Barytes, 
Strontites,  Lime,  and  Magnesia.  The  earths  are  Siiex, 
Alumine,  Zircon,  Glucine,  and  Yttria*. 

Until  the  important  sera  of  Mr.  Davy's  discoveries,  the 
earths  were,  with  respect  to  the  state  of  our  knowledge, 
simple  or  elementaiy  bodies.  Many  conjectures,  it  is 
true,  had  been  formed  respecting  their  nature ;  and,  among 
these,  we  find  that  their  composition  of  oxygen  and  a 
metallic  base  had  been  suggested  as  a  probable  theoryf. 


*  The  Agustine  of  TromsdorfF  has  been  shown,  by  Ber- 
thollet,  to  be  ineieiy  Pho-iphate  of  Lime.  Nicholson's  Journal, 
8vo.  vii.  I  17 

f  The  reader  may  consult  a  history  of  opinion  respecting 
the  earths,  in  a  note  to  Mr.  Davy's  paper,  Philosophical 
Transactions,  1808. 
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Led  by  the  analogy  arising  from  his  experiments  on  th^ 
alkahs,  Mr.  Davy,  however,  was  the  first  to  demonstrate 
what  had  before  been  only  imagined ;  and  to  disunite,  by 
llie  agency  of  strong  electrical  powers,  the  constituent 
principles  of  several  of  this  class  of  bodies. 

In  this  part  of  tlie  investigation,  difficulties  were  en- 
countered which  demanded  great  perseverance  and  more 
complicated  processes.  The  affinity  of  the  earthy  bases 
for  oxygen  appears  considerably  to  surpass  that  of  the 
metals  composing  potash  and  soda ;  and  it  was  found  that 
simple  exposure  to  the  opposite  electricities  was  not  ade- 
quate to  the  separation  of  the  principles,  which  compose 
the  earths ;  or,  at  least,  that  the  effect  was  too  indistinct  to 
furnish  satisfactory  evidence  of  their  nature.  Mr.  Davy 
was,  therefore,  induced  to  electrify  the  earths,  as  he  had 
formerly  operated  on  potash,  in  contact  with  tlie  oxides  of 
known  metals ;  with  the  expectation  tliat  the  metallic  base 
of  the  earth  would  unite  with  the  metal  contained  in  the 
oxide  he  employed,  and  form  an  alloy.  Thus  a  mixture 
of  barytes  and  red  oxide  of  mercury  might  be  expected  to 
yield  an  alloy  of  mercury  with  the  metallic  base  of  barytesj 
and  such,  in  fact,  was  the  result  of  the  experiment ;  for  a 
solid  amalgam  adhered  to  the  negative  wire,  which,  when, 
throvi^n  into  water,  evolved  hydrogen,  leaving  pure  mer- 
cury, and  a  solution  of  barytes.  Mixtures  of  lime, 
strontites,  or  magnesia  with  oxide  of  mercury  gave  similar 
amalgams,  from  which  the  respective  alkalis  were  re- 
generated by  the  action  of  air  or  water;  but  the  quantity 
obtained  was  too  minute  for  investigation. 

On  the  suggestion  of  Professor  Berzelius  of  Stockholm, 
the  earths  were  next  electrified  negatively  in  contact  with 
mercury  itself ;  and  in  this  way  amalgams  were  obtained 
from  baiy-tes,  strontites,  lime,  and  magnesia.    These  com- 
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pounds  of  mercury  with  the  metallic  base  of  the  earths 
decomposed  water,  and  the  earth,  which  had  afforded 
them,  was  regenerated.  Under  naphtha,  they  might  be 
preserved  for  a  considerable  time  ;  but  at  length  they  be- 
came covered  with  a  white  crust. 

To  procure  quantities  of  these  amalgams  sufficient  for 
distillation,  the  earths  were  slightly  moistened,  and  mixed 
with  one  third  of  red  oxide  of  mercury :  the  mixture  was 
then  placed  on  a  plate  of  platina,  a  cavity  was  made  in  the 
upper  part  of  it  to  receive  a  globule  of  mercurj'  of  from 
50  to  GO  grains  in  w-eight,  and  the  whole  was  covered  with 
a  thin  film  of  mercury :  lastly,  the  plate  was  made  positive, 
and  the  mercury  negative,  by  a  proper  communicatioa 
with  a  battery  of  500  pairs. 

From  these  amalgams,  the  mercury  was  separated  by 
distilling  in  small  tubes  of  gUiss  filled  with  the  vapour  of 
naphtha.  Considerable  difficulties,  however,  attended 
these  operations,  and  after  all  Mr.  Davy  could,  in  no  case, 
be  absolutely  certain,  that  there  was  not  a  squall  quantity 
of  mercury  in  combination  with  the  metals  of  the  eartlis. 

The  proportion  of  oxygen  and  metal  has  not  yet  Ijeen 
ascertained  in  any  of  the  earths ;  but  the  evidence  from 
analysis  of  their  composition  is  perfectly  satisfactory,  the 
inflammable  base  appearing  uniformly  at  the  negative 
surface  in  the  Voltaic  circuit,  and  the  oxygen  at  the  po- 
sitive surface. 

The  decomposition  of  the  other  earths,  alumine,  silex, 
zircon,  and  glucine  was  not  effected  by  the  same  means, 
that  had  been  applied  successfully  to  the  alkaline  earths. 
Combinations  of  potash  and  alumine,  and  of  potash  and 
silex,  were  electrified  with  the  hope  that  the  bases  of  these 
earths  would  be  obtained  in  the  state  of  an  alloy  with 
potassium.    Soda  and  zircon  were  similarly  treated.  In 
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all  these  cases,  the  phenomena  indicated  that  some  portion 
of  the  several  earths  had  been  decomposed ;  but  in  too 
minute  a  quantity  to  examine  the  properties  of  their  bases. 

Lastly,  jwtfissium,  amalgamated  with  about  one  third  its 
weight  of  mercury,  was  electrified  negatively  under  naphtha, 
in  contact  with  the  four  earths,  which  were  last  enume- 
rated. The  potassium  generated  was  thrown  into  water, 
and  the  alkali  produced  saturated  with  acetic  acid.  Now 
if  any  metal  had  thus  been  obtained  from  the  earths,  it 
would  exist  in  the  form  of  an  alloy  with  potassium ;  both 
metals  would  be  oxydized  by  the  water;  the  potassium 
would  reproduce  potash,  and  the  other  metal  the  earth 
which  gave  it  origin,  which  earth  would  be  dissolv^ed  by 
the  solution  of  potasli,  and  would  reappear  on  adding  an 
acid.  The  general  tenor  of  the  results  gave  great  reason 
to  conclude  that  alumine,  silex,  glucine,  and  zircon  are, 
like  the  alkaline  earths,  metallic  oxides ;  but  the  evidence 
it  must  be  confessed,  is  not  altogether  unequivocal. 


SECTION  I. 
Bm'ytes. 

Barytes  may  Ic  obtained  in  a  state  of  purity^  by  the 
calcination  of  its  carbonate  or  nitrate,  in  a  manner  which 
will  be  hereafter  described.  (See  chap.  xi.  sect.  2.  art.  iv.) 
It  exhibits,  when  pure,  the  following  properties. 

I.  Barytes,  in  a  pure  form,  has  a  sharp  caustic  taste ; 
changes  vegetable  blue  colours  to  gi-een ;  and  serves  as  the 
intermedium  between  oil  and  water.  In  these  respects,  it 
bears  a  strong  resemblance  to  alkalis. 
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II.  Wlien  exposed  to  the  flame  of  the  blow-pipe  on 
charcoal,  it  niehs ;  boils  violently ;  and  forms  smull  globules, 
which  sink  into  the  charcoal.  After  being  kept  in  fusion 
ill  a  crucible  during  ten  minutes,  it  still,  according  to  Ber- 
thoUet,  contains  9  cent,  of  water.  This,  however,  is 
true  only  of  barytes  which  has  been  obtained  from  the 
carbonate,  by  a  process  to  Ije  described  hereafter.  Barytes, 
procured  by  decomposing  the  nitrate  of  thftt  earth,  is  not 
fusible,  and  appears  to  contain  little  if  any  water.  (Nichol- 
son's Journal,  xxlii.  281.) 

III.  If  a  small  quantity  of  water  be  added  to  recently 
prepared  barytes,  it  is  absorbed  with  great  rapidity ;  pro- 
digious heat  is  excited ;  and  the  water  is  completely  soli- 
dified, a  sort  of  hard  cement  being  obtained.  A  little 
more  \\'ater  converts  this  mass  into  a  light  bulky  powder ; 
and,  when  completely  covered  with  water,  the  barytes  is 
dissolved.  Boiling  water  should  be  employed  for  this  pur- 
pose ;  unless  sufficient  temperature  lias  been  produced,"  by 
the  sudden  addition  of  the  whole  quantity  necessary  for 
solution. 

IV.  When  the  solution,  prepared  with  boiling  water,  is 
allowed  to  cool  slowly,  it  shoots  into  regular  crystals.  These 
have  the  form  of  flattened  hexagonal  prisms,  having  two 
broad  sides,  with  two  intervening  narrow  ones ;  and  ter- 
minated, at  each  end,  by  a  quadrangular  pyramid. 

V.  The  ciystals  are  so  soluble,  as  to  be  taken  up,  when 
heated,  merely  by  their  own  water  of  crystallization. 
When  exposed  to  a  stronger  heat,  they  swell,  foam,  and 
leave  a  dry  white  powder,  amounting  to  about  47  pfirts 
from  130  of  the  crystals.  This  again  combines  with 
water  with  great  heat  and  violence.  At  60°  of  Fahren- 
heit, an  ounce  measure  of  water  dissolves  o^ily  25  grains 
of  the  crystals,  i.  e.  they  require  for  solution,  17^  times 
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tlicir  weight  of  water.    Exposed  to  the  atmosphei-e,  they 
effloresce,  and  become  pulverulent. 

VI.  When  added  to  spuit  of  wine,  and  heated  in  a 
spoon  over  a  lamp,  they  communicate  a  yellowish  colour 
to  its  flame. 

VII.  The  specific  gravity  of  this  earth,  according  to 
Fourcroy,  is  4y  but  Hassenfratz  states  it  at  only  2.374. 
The  former  account,  however,  is  the  more  probable.  All 
its  combinations  have  considerable  specific  gravity;  and 
hence  its  name  is  derived,  viz.  from  the  Greek  word  Sapus 
signifying  heavy. 

VIII.  Barytcs  does  not  unite  with  any  of  the  alkalis. 

Of  the  Jjase  of  Jmiytes,  or  harium.  —  The  base  of 
barytes  was  obtained  by  Mr.  Davy  by  distilling  its  amal- 
gam, obtained  in  the  mode,  which  has  already  been  de- 
scribed in  the  section  on  the  earths  in  general. 

The  residuum  of  this  distillation  was  a  white  metal  of 
the  colour  of  silver.  At  the  ordinary  temperature  of  the 
air  it  remained  a  solid ;  but  became  fluid  at  a  heat  below 
redness.  It  did  not  rise  in  vapour^  till  heated  nearly  to 
redness,  and  then  acted  violently  upon  the  glass. 

When  exposed  to  the  air,  this  substance  rapidly  tar- 
nished, and  fell  into  a  white  powder,  which  was  barytes. 
When  this  process  was  conducted  in  a  small  portion  of 
air,  the  oxygen  was  found  absorbed;  and  the  nitrogen  re- 
mained unaltered.  A  portion  of  it  thrown  into  water  acted 
upon  it  with  gieat  violence,  and  sunk  to  the  bottom,  pro- 
ducing bar3^es  and  evolving  hydrogen  gas. 

The  quantities  obtained  were  too  minute  for  an  exami- 
nation either  of  its  physical  or  chemical  qualities.  It  sunk 
rapidly  in  water,  and  even  in  sulpliuric  acid,  though  sur- 
rounded by  globules  of  hydrogen  equal  to  two  or  three 
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times  its  volume.  Hence  it  is  probable  that  it  cannot  be 
less  than  four  or  five  times  as  heavy  as  water.  It  was 
flattened  by  pressure,  but  required  considerable  force  for 
this  effect. 


SECTION  It. 
Siro77fites. 

I.  Strontites  (called  also  Strontia,  from  Strontian  in 
Scotland,  the  place  where  it  was  first  discovered)  resem- 
i)les  barytes  in  many  of  its  properties  ;  and  all  that  is  in- 
cluded in  tlie  first  three  paragraphs  of  the  last  section 
may  be  applied,  also,  to  this  earth. 

II.  Like  barytes,  strontites  is  readily  soluble  in  boiling 
water ;  and  the  solution,  on  cooling,  affords  regular  crys- 
tals; but  the  shape  of  these  differs  considerably  from 
that  of  barytic  crystals.  The  crystals  of  strontites  are 
thin  quadrangular  plates ;  sometimes  square,  oftener  pa- 
rallelograms ;  not  exceeding  in  length,  and  not  reaching 
in  breadth,  a  quarter  of  an  inch.  Sometimes  their  edges 
r..vc  plain,  but  they  oftener  consist  of  two  facets,  meeting 
together,  and  forming  an  angle  like  the  roof  of  a  house, 
niey  adhere  to  each  other  in  such  a  manner  as  to  form  a 
thin  plate,  of  an  inch  or  more  in  length,  and  half  an  inch 
in  breadth.    Sometimes  they  assume  a  cubic  form. 

III.  These  crystals  undergo,  by  the  action  of  heat, 
much  the  same  changes  as  those  of  barytes;  and  leave 
only  about  32  pei'  cent,  of  the  dry  earth.  One  part  of 
tlie  crystals  requires  about        of  water  at  the  tempera- 
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tuie  of  60°  for  solution,  but  boiling  water  takes  up  half 
its  weight. 

IV^  Boiling  alcohol,  with  the  addition  of  tliese  crystals, 
burns  with  a  blood  red  flame. 

V.  Strontites  docs  not  combine  with  alkalis.  Barytcs. 
has  no  affinity  for  it ;  for  no  precipitation  ensues,  on  mix- 
ing the  watery  solutions  of  the  two  earths. 

From  the  preceding  enumeration  of  its  characters,  it 
appears  that  strontites  diflers  from  barytes  in  the  form 
of  its  crystals,  which,  contain  also  more  combined  water, 
and  arc  less  soluble  than  those  of  barytes;  and  also  in 
affording,  with  alcohol,  a  flame  of  different  colour.  These 
distinctions  were  deduced  by  Dr.  Hope,  from  his  excellent 
series  of  experiments  on  the  two  eartlis.  (See  Edinburgh 
Transactions,  vol.  iv).  Other  circumstances  of  distinction, 
derived  from  the  properties  of  their  respective  salts,  will 
be  stated  hereafter. 

Of  the  base  of  strontites  or  .stro?ifium. — We  know 
but  little  of  the  base  of  strontites.  All  that  Mr.  Davy  ob- 
serves respecting  it  is,  that  it  sinks  in  sulphuric  acid,  and 
exhibits  the  same  characters  as  barium,  excepting  that  it 
produces  strontites  by  oxidation. 


SECTION  III. 
Lime. 

1.  Its  exter)ml  qualities. — ^These  may  be  exhibited  in 
common  quicklime,  such  as  is  employed  for  the  purposes? 
of  building  or  agriculture,    in  the  same  state,  it  is  suffici- 
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ently  pure  for  demonstrating  its  chemical  properties;  but, 
tvlien  used  for  purposes  of  tlie  latter  kind,  it  should  be 
fresli  burnt  from  the  kihi. 

II.  Behtt'ion  of  liinc  to  water. 

{a)  Lime  absorbs  water  very  rapidly  with  considerable 
heat  and  noise.  This  may  be  shown  by  spriukliiiji;  a  little 
water  on  some  dry  quicklime.  The  above-mentioned 
plienomena  will  take  place,  and  the  lime  will  fidl  into 
powder,  which  has  been  called  /ii/clrat  of  lime.  In  this 
compound,  the  lime  is  to  the  water  as  23  to  8.  Some 
care,  however,  is  necessary  in  its  preparation,  lest  more 
water  should  be  added,  than  is  essential  to  its  constitution. 
It  affords  a  very  convenient  form  of  keeping  lime,  for  oc- 
casional use  in  a  laboratory ;  for  the  hydrat  may  safely  be 
preserved  in  glass  bottles,  which  are  almost  constantly 
broken  by  the  earth  in  its  perfectly  dry  state. 

The  degree  of  heat,  produced  by  the  combination  of 
lime  with  water,  is  sufficient  to  set  fire  to  some  inflam- 
mable bodies ;  and  when  a  large  quantity  of  lime  is  sud- 
denly slaked  in  a  dark  place,  even  light,  according  to 
Pelletier,  is  sometimes  evolved.  The  cak)ric,  which  is 
thus  set  at  liberty,  is  doubtless  that  contained  in  the  water, 
and  essential  to  its  fluidity.  By  combination  with  lime, 
water  passes  to  a  solid  state,  and  pr()l)al)ly  even  to  a  state- 
of  much  gi-eater  solidity  than  that  of  ice.  Hence,  during 
this  change,  it  evolves  more  caloric  than  during  conversion 
into  ice;  and  hence  even  ice  itself,  when  mixed  witli 
fjuicklime,  in  the  proportion  of  one  to  two,  enters  into  a 
combination  which  has  its  temperature  raised  to  212°. 
When  a  sufficient  quantity  of  water  has  been  added  to  re- 
duce lime  into  a  thin  liquid,  this  is  called  milk  or  creain  of 
lime. 
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Lime  is,  in  some  degree,  convertible  into  vapour  by 
combination  vvitli  water.  When  a  piece  of  moistened 
paper,  stained  with  the  juice  of  the  a  iolet,  is  held  in  the 
steam,  which  arises  from  lime  suddenly  slaked,  its  colour 
is  changed  from  blue  to  green.  Hence  the  smell  which 
is  perceived  during  the  slaking  of  lime. 

(Z>)  Lime  absorbs  moisture  from  the  atmosphere,  and 
falls  gradually  into  powder. 

(c)  Lime  is  very  sparingly  soluble  in  water,  viz.  in  the 
proportion  of  about  1  to  oCO ;  and,  when  thus  dissolved, 
forms  what  has  been  termed  lime-water.  This  solution 
tastes  strongly  of  lime,  turns  vegetable  blues  to  green, 
and  unites  with  oil,  forming  an  imperfect  soap.  To  pre-, 
pare  the  solution,  lime  is  to  be  slaked  to  a  thin  paste,  and 
a  sufficient  quantity  of  boiling  water  afterwards  added. 
The  mixture  is  to  be  stirred  repeatedly,  the  lime  allowed 
to  settle,  and  the  clear  liquor  decanted  for  use.  It  must 
be  preserved  in  closely  stopped  vessels. 

(d)  Lime  does  not  combine,  in  any  notable  proportion, 
with  the  alkalis  or  earths  already  described. 

The  base  of  Unie^  to  which  Mr.  Da\-y  has  given  the 
name  of  calciwn,  he  has  never  been  able  to  examine,  ex- 
posed to  air  or  under  naphtha.  In  the  case,  in  which  he 
was  able  to  distil  the  quicksilver  from  it  to  the  greatest 
extent,  the  tube  unfortunately  broke  whilst  warm  ;  and, 
at  the  moment  that  the  air  entered,  the  metal,  which  had 
the  colour  and  lustre  of  silver,  instantly  took  fire,  an^ 
burnt,  with  an  intense  white  light,  into  lime. 
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SECTION  IV. 
Magnesia, 

Maonesia  possesses  the  properties  of  an  alkali,  but  in 
a  considerably  less  degree  than  any  of  the  foregoing  earths, 
Its  characters  are  as  follow  : 

I.  When  perfectly  pure,  it  is  entirely  destitute  of  taste 
and  smell. 

II.  No  heat  is  excited  by  the  affusion  of  water,  and 
only  a  very  small  proportion,  not  exceeding  a  2000dth  its 
weight,  of  the  earth  is  dissolved.  Magnesia  appears,  how- 
ever, to  have  some  affinity  for  water ;  for  when  moistened, 
and  afterwards  dried,  its  weight  is  foupd  increased  in  the 
proportion  of  118  to  100. 

III.  Magnesia  changes  to  green  the  blue  colour  of  the 
violet  ]  but  the  w^teiy  solution  of  magnesia,  when  filtered 
through  paper,  does  not  produce  a  similar  effect.  In  this 
respect,  it  differs  from  lime. 

IV.  It  is  not  dissolved  by  liquid  alkalis,  nor  by  alkaline 
earths  5  and  in  the  dry  way,  it  has  no  aginity  fof  barytes 
or  strontites. 

TJie  base  of  magnesia,  for  which  Mr.  Davy  has  pro-< 
posed  the  term  magnium,  is  but  imperfectly  known.  In 
the  attempts  to  distil  its  amalgams,  the  metal  seemed  to 
act  upon  the  glass,  even  before  the  whole  of  the  quick- 
silver was  distilled  from  it.  In  one  experiment,  in  which 
Mr.  Davy  stopped  the  process  before  the  mercury  was  en- 
tirely driven  off,  it  appeared  as  a  solid,  having  the  same 
whiteness  and  lustre  as  the  other  metals  of  the  earths.  It 
sunk  rapidly  in  water,  though  surrounded  by  globules  of 
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gas,  and  produced  magnesia.  In  the  air,  it  qiiickly 
changed,  becoming  covered  with  a  white  crust,  and  falling 
into  a  white  powder,  which  proved  to  be  magnesia. 


SECTION  V. 
Silex. 

I.  Siliceous  earth,  or  silex,  may  be  obtained  tolerably 
pure  from  flints  by  the  following  process : — Procure  some 
common  gun-flints,  and  calcine  them  in  a  crucible  in  a 
low  red-heat.  By  this  treatment  they  will  become  brittle, 
and  easily  reducible  to  powder.  Mh.  them,  when  pul- 
verized, with  three  or  four  times  their  weight  of  carbonate 
of  potash,  and  let  the  mixture  be  fused  in  a  strong  red-heat, 
in  a  crucible.  The  materials  must  bear  only  a  small  pro- 
portion to  the  capacity  of  the  crucible ;  and  the  heat  must 
4  at  first  be  very  moderate,  and  slowly  increased.  Even 
with  this  precaution,  the  mass,  on  entering  into  fusion, 
will  be  apt  to  overflow ;  and  must  be  pressed  down  as  it 
rises,  by  an  iron  rod.  When  this  eficrvescence  has  ceased, 
let  the  heat  be  considerably  raised,  so  that  the  materials 
may  be  in  perfect  fusion  during  half  an  hour,  and  pour 
the  melted  mass  on  a  copper  or  iron  dish.  We  shrdl  thus 
obtain  a  compound  of  alkali  and  siliceous  earth.  Dissolve 
this  in  water,  filter  the  solution,  and  add  to  it  diluted  sul- 
phuric or  muriatic  acid.  An  immediate  precipitation  will 
ensue,  and,  as  long  as  this  continues,  add  fresh  portions  of 
acid.  Let  the  precipitate  subside,  pour  off  the  liquor  that 
floats  above  it,  and  wash  the  sedlinent  with  hot  water,  till 
it  comes  off  tasteless.    Then  dry  it. 


SECT.  V.  SILKX.  297 

Silex,  obtained  by  this  process,  though  pure  enough  for 
the  following  experiments,  jnay  still  eontain  a  ])ortion  of 
alumiue.  To  separate  the  latter  earth,  boil  the  precipitate 
with  diluted  sulphuric  acid,  to  Mhich  a  little  sulphate  of 
potash  may  be  added.  The  aluniiaie  will  thus  be  dissolved; 
and  tlie  silex  may  be  freed  from  the  solution  of  alum  by 
repeated  washings  with  water.  Even  silex,  however, 
that  has  been  most  carefully  washed,  still  gives  traces  of 
potash  on  the  application  of  electro-chemical  powers. 
(Davy.) 

II.  Siliceous  earth,  as  thus  obtained,  has  the  following 
qualities : 

(a)  It  is  perfectly  wliiie  and  tasteless. 

(/>)  When  mixed  with  water,  it  does  not  form  a  cohe- 
sive mass  like  aluminc,  and  has  a  dry  and  harsh  feel  to  the 
finders. 

(<•)  It  is  insoluble  in  water.  Yet,  when  fresh  precipi- 
tated, water  has  the  property  of  retaining  in  solution  about 
one  thousandth  of  its  weight*.  That  silex,  however,  is 
dissolved  in  water  by  processes  of  nature,  can  scarcely  be 
doubted,  when  it  is  considered,  that  it  is  found,  in  consi- 
derable qtiantities,  in  a  cr}'stallized  form. 

((/)  It  is  not  acted  on  by  any  acid,  except  the  fluoric. 

(e)  When  prepared  in  the  foregoing  manner,  and  very 
minutely  divided,  silex  is  taken  up  by  a  solution  of  pure 
potash,  or  of  soda,  but  not  by  ammonia.  In  the  aggregated 
state  of  flints,  however,  it  is  perfectly  insoluble  in  this  way 
by  alkaline  solutions,  an  excellent  illustration  of  the  prin- 
ciple that  a  very  minute  division  of  solid  bodies,  by  pre- 
senting a  greater  surface  to  the  action  of  fluids,  facilitates 
solution. 


*  See  Klaproth's  Contributions,  vol.  i.  page  3\)0,  400. 
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(/)  When  mixed  with  an  equal  weight  of  carbonate  of 
potasli,  and  exposed  to  a  strong  heat  in  a  furnace,  it  forms 
a  glass,  insoluble  in  water,  and  identical  in  all  its  proper- 
ties with  tlie  glass  commonly  manufactured.  It  is  owing 
to  the  siliceous  earth  which  it  contains,  that  glass  is  de- 
composed by  ilie  fluoric  acid.  Glass,  however,  has  occa- 
sionally otlier  ingredients,  besides  the  two  that  have  been 
mentioned. 

(;£>•)  With  a  larger  proportion  of  alkali,  as  three  or  four 
parts  to  one  of  silex,  this  earth  affords  a  compound  called, 
by  Dr.  Black,  silicated  alkali.  This  compound,  formed 
by  the  process  which  has  been  just  described,  is  soluble  in 
water,  and  affords  a  good  example  of  the  total  change  of 
the  properties  of  bodies  by  chemical  union  5  for,  in  a 
separate  state,  no  substance  whatever  is  more  difficult  of 
.solution  than  silex.  The  solution  of  silicated  alkali  was 
formerly  termed,  liquor  silicum,  or  liquor  of  Jlints. 
Acids  seize  the  alkali,  and  precipitate  the  silex,  which  is 
even  separated  by  mere  exposure  to  the  atmosphere,  in 
consequence  of  the  absorption  of  carbonic  acid  by  the 
alkali. 

{/<)  Barytes,  or  strontites,  and  silex  combine  together, 
in  a  manner  similar  to  the  union  of  this  earth  with  alkalis; 
but  the  combination  has  not  been  applied  to  any  useful 
purpose. 

(?)  When  a  solution  of  silex  in  potash  is  mingled  with 
one  of  barytes,  of  strontites,  or  of  lime  in  water,  or  of  alu- 
mine  in  alkali,  a  precipitation  ensues.  Hence  silex  may 
be  inferred  to  have  an  affinity  for  all  these  earths,  in  the 
humid  way. 

Base  of  ailex. — In  his  attempts  to  obtain  the  base  of 
silex,  or  silicium,  in  a  state  of  separation,  Mr.  Davy  has 
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liltherto  been  unsuccessful ;  tliowgh  tlie  results  of  liis  ex- 
periments leave  little  room  to  doubt  that  this  earth  is,  like 
the  rest,  a  metallic  oxide. 

Silex,  he  found,  when  difl"used  through  water,  and  placed 
in  the  electrical  circuit,  manifested  no  particular  attraction 
either  for  the  positive  or  negative  pole.  Hence  he  infers 
that  its  elements,  as  to  their  electrical  energies,  are  nearly 
in  an  equilibrium. 

Mr.  Davy's  first  attempts  to  decompose  sllex  were 
founded  on  the  presumption  that  it  might  jwssibly  be  a 
compound  of  some  unknown  acid  and  earth ;  but  the  re- 
sults gave  no  countenance  to  this  opinion.  He  next 
electrified  silex  and  potasii  united  by  fusion  ;  and  obtained 
a  metal,  which,  when  imniersed  in  irater,  gave  both  silex 
and  potash.  By  fusion  with  silex,  also,  potassium  seemed 
to  be  changed  into  protoxide ;  but  the  results  were  by  no 
means  satisfactory. 

Potassium,  amalgamated  with  about  one  third  of  mer- 
cury, was  negatively  electrified  under  naphtha  by  a  strong 
power,  with  the  expectation  of  obtaining  an  alloy  of  that 
metal  and  the  base  of  silex.  The  potassium,  when  after- 
wards thrown  into  water,  generated  potash  which  was  com- 
bined with  silex.  It  is  possible,  however,  that  this  might 
be  owing  to  the  combination  of  silex  itself,  and  not  of  its 
base,  with  potassium.  And  on  the  whole  it  must  be  con- 
fessed, that  the  evidence  of  the  nature  of  silex  falls  far 
short  of  that  which  we  possess  respecting  the  alkalis  a,nd 
alkaline  earths. 
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SECTION  VI. 
Ahimine. 

I.  Ahimine  vun/  he  ohtaincd  free  from  other  earths^  but 
still  combined  with  carbonic  acid,  by  precipitating  a  solu- 
tion of  alum  in  water  by  the  crystiillizcd  carbonate  of 
potash.  To  secure  its  complete  purification  from  sulphuric 
acid,  Guyton  advises  that  the  preci})itatc  be  re-dissolv-ed  in 
nitric  acid,  that  nitrate  of  barytes  be  cautiously  added  to 
the  solution,  till  it  no  longer  occasions  milkiness,  and  that 
the  alumine  be  afterwards  precipitated,  or  separated  from 
the  nitric  acid  by  heat.  {Annales  de  Chimie,  xxxii.  64.) 
i'^lectro-chemical  analysis,  however,  in  this  as  in  many 
other  instances,  shows  the  imperfection  of  the  common 
methods  of  separating  bodies  from  each  other ;  for  the 
most  carefully  prepared  alumine  yields  the  metals  of  soda 
and  potash,  when  negatively  electrified  in  contact  with 
mercury.  (Davy,  Philosophical  Transactions,  1^08.) 

.11.  Alumine  has  the  following  properties: 

1.  It  is  de^stitute  of  taste  and  smell. 

2.  When  moistened  with  water,  it  formsaxohcsive  and 
ductile  mass,  susceptible  of  being  kneaded  into  a  regular 
form.  It  is  \\o\  soluble  in  water;  but  retains  a  considerable 
quantity. 

3.  It  does  not  affect  blue  vegetable  colours, 

4.  It  is  dissolved  by  the  liquid  fixed  alkalis,  and  is  pre- 
cipitated by  acids  imchanged.  In  ammonia,  it  is  very 
sparingly  soluble.  It  is  not  soluble  in  alkaline  carbo- 
nates. 

5.  Barytes  and  strontites  combine  with  alumine,  both 
by  fusion  and  in  the  humid  way.    In  the  first  case,  the  rc- 
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stilt  is  a  greenish  or  blueish  coloured  mass.  In  the  second, 
two  compounds  are  formed.  The  lirst,  containing  an  ex- 
cess of  alumine,  is  in  the  state  of  an  itisohible  powder;  the 
other,  having  an  excess  of  the  alkaline  earth,  remains  in 
solution.  Alumine  may  be  united,  by  fusion,  with  the 
fixed  alkalis,  and  with  most  of  the  eanhs. 

6.  Alumine,  as  will  be  afterward  shown,  has  a  strong 
affinity  for  colouriuiir  matter. 

7.  Alumine  has  the  property  of  shrinking  considerably 
in  bulk,  when  exposed  to  heat,  and  its  contraction  is  in 
proportion  to  the  intensity  of  the  heat  applied.  On  this 
property  is  founded  the  pi/ro))ietcr  of  IVedgwood,,  which 
measures  high  degrees  of  heat,  by  the  amount  of  tlie  con- 
traction of  regularly  shaped  pieces  of  china  clay.  The 
pieces  of  clay  are  small  cylinders,  half  an  inch  in  diameter, 
flattened  on  the  under  surface,  and  baked  in  a  low  red- 
lieat.  The  contraction  of  tiicse  pieces  is  measured,  by 
putting  them  between  two  fixed  rulers  of  brass  or  porce- 
lain, twenty  foiu:  inches  long,  half  an  inch  distant  from 
each  other  at  one  end,  and  three  tenths  of  an  inch  at 
the  other.  The  rulers  are  divided  into  210  equal  parts, 
called  degrees,  which  commence  at  the  wider  end;  and 
each  of  which  is  equal  to  130°  of  Faln-enheit.  When  the 
clay  piece  is  fixed  in  its  place,  before  exposure  to  heat,  it 
is  stationary  at  t!ie  first  degree,  whicli  indicates  about 
1077*^  of  Fahrenheit.  Afcer  being  strongly  heated,  in  a 
small  case  which  defends  it  from  the  fuel,  its  bulk  is  di- 
minished, and  it  slides  down,  between  the  converging 
nilers,  till  stopped  by  their  approach.  The  number  on 
the  graduated  scale,  opposite  to  the  upper  end  of  the 
piece,  indicates  the  degree  of  heat  to  which  it  has  been 
exposed.    In  the  Appendix,  rules  may  be  found  fur  re- 
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ducing  the  degrees  of  Wedgwood's  pyrometer  to  those  oi 
Fahrenheit's  thermometer. 

Ahnost  every  thing  that  has  been  said  respecting  the 
base  of  silex  is  true,  also,  of  that  of  alumine ;  for  Mr. 
Davy  attempted  the  decomposition  of  the  two  earths  by 
much  tlie  same  processes.  All  that  his  results  afford,  is  a 
strong  presumption  that  alumine  is  a  metallic  oxide ;  but 
its  base,  ahimium,  has  not  been  yet  obtained  in  sucli  a 
state  as  to  make  it  a  fit  object  of  investigation. 


SECTION  VII. 
Zircon. 

I.  This  earth  was  discovered  by  Klaproth  in  the  year 
1789,  in  a  precious  stone  from  the  island  of  Ceylon,  called 
Jargon  or  Zircon  ;  and  has  since  been  detected  in  the 
hyacinth.    It  may  be  obtained  by  the  following  process : 

Reduce  the  hyacinth  to  fine  powder,  which  may  be 
done  in  an  agate  mortar,  after  previously  igniting  the 
stone,  and  plunging  it  into  cold  water,  to  render  it  brittle. 
Mix  the  powder  with  nine  times  its  weight  of  pure  potash; 
and  project  it,  by  a  spoonful  at  once,  into  a  red-hot  cruci- 
ble, taking  care  not  to  add  fresli  portions  till  the  former 
ones  are  melted.  When  the  whole  is  in  fusion,  increase 
the  heat  for  an  hour,  or  an  hour  and  a  half.  When  the 
crucible  has  cooled,  break  it,  and  detach  its  contents ;  re- 
duce them  to  powder,  and  boil  them  with  distilled  water. 
Let  the  insoluble  part  subside  ;  decant  the  clcj^r  li([uor. 
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and  wasli  the  sediment  witli  water,  till  the  washings  cease 
to  precipitate  miniated  barytes.  On  tiie  residuum  pour 
muriatic  acid  to  excess,  and  boil  it  during  a  quarter  of  an 
hour ;  filter  the  liquor,  and  evapoiate  to  dryness  in  a  leaden 
vessel.  Re-dissolve  the  dry  muss ;  filter  again,  and  preci- 
pitate the  zircon  with  carbonate  of  soda.  The  carbonate 
of  zircon  is  thus  obtained,  from  which  the  carbonic  acid 
may  be  expelled  by  calcination. 

II.  Zircon  has  the  following  properties : 

1.  It  has  the  form  of  a  fine  white  powder,  which  ha? 
somewhat  the  harsh  feel  of  silex,  when  mbbed  bet\vecu 
the  fingers.    It  is  entirely  destitute  of  taste  and  smell. 

2.  It  is  insoluble  in  water ;  yet  it  appears  to  have  some 
affinity  for  that  fluid,  for  it  retains,  when  slowly  dried 
after  precipitation,  one  third  its  weight,  and  assumes  a 
yellow  colour  and  slight  transparency,  like  that  of  gum 
Arabic. 

3.  It  is  insoluble  in  pure  liquid  alkalis;  nor  does  it 
even  combine  witli  them  by  fusion ;  but  it  is  soluble  in 
alkaline  carbonates.  In  the  foregoing  process,  thereforc, 
the  carbonate  of  soda  should  not  be  :;dded  to  excess. 

4.  Exposed  to  a  strong  heat,  zircon  fuses,  assumes  a 
light  grey  colour;  and  such  hardness,  on  cooling,  as  to 
strike  tire  with  steel,  and  to  scratch  glass. 

5.  Its  action  on  other  earths  has  not  been  fully  inves- 
tigate<l. 

6.  It  is  precipitated  from  its  solutions  in  acids  by  triple 
prussiate  of  potash.  (Klaproth,  li.  214.) 

III.  Tlie  base  of  zircon,  or  zirconium,  is  still  unknown 
to  us,  though  investigated  by  Mr.  Davy  in  the  same  man- 
ner as  the  base  of  silex. 
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SECTION  VIII. 
Glucine. 

I.  Tms  earth  was  discovered  by  Vaiiquelin,  in  the  year 
1 79s.  He  obtained  it  from  the  aqua  marine  or  beryl,  a 
precious  stone  of  a  green  colour,  and  very  considerable 
hardness,  which  is  found  crystallized  in  Siberia.  Glucine 
has  since  been  detected  in  the  emerald  of  Peru,  and  in  the 
gadolinitc.  The  following  process  may  be  employed  to 
separate  it  fi  om  the  beryl : 

Let  the  stone,  reduced  to  a  fine  powder,  be  fused  with 
three  times  its  weight  of  pure  potash.  To  the  fused  mass 
add  a  quantity  of  water,  and  afterwards  diluted  muriatic 
acid ;  which  last  will  effect  a  complete  solution.  Evapo- 
rate the  solution  to  dryness,  re-dissolve  the  dry  mass,  and 
add  carbonate  of  potash  so  long  as  any  precipitation  ensues. 
Dissolve  the  precipitate  in  sulphuric  acid,  add  a  little  sul- 
phate of  potash ;  and,  on  evaporation,  cnstals  of  alum 
will  be  obtained.  By  this  process  the  alumine  is  detached. 
The  residuary  liqtior,  which  yields  no  more  crystals,  con- 
tains the  glucine,  and  a  small  portion  of  alumine.  Add 
a  solution  of  carbonate  of  ammonia  to  excess ;  this  will 
throw  down  the  alumine,  and  the  glucine  will  remain  dis- 
solved by  the  superabundant  carbonate.  When  this  solu- 
tion is  evaporated  to  dryness,  and  moderately  heated,  the 
idkaline  carbonate  is  expelled,  and  a  carbonate  of  glucine 
remains,  in  the  proportion  of  16  parts  from  every  100  paj-ts 
of  the  stone. 

II.  Glucine  has  the  follo\ying  properties  : 

1.  It  is  a  fine  white  and  soft  ])owder,  resembling  alumine 
ill  its  sensible  properties ;  and,  like  that  earth,  adhering  to 
the  tongue. 
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2.  It  has  wo  action  on  blue  vegetable  colours. 

3.  It  dues  not  harden,  or  contract,  like  aluminc,  bj 
beat ;  and  is  infusible. 

4.  It  is  insoluble  in  water,  but  forms  with  it  a  ductile^ 
paste. 

5»  It  is  soluble  in  liquid  potash  and  soda,  but  not  in  the 
solution  of  pure  ammonia.  In  these  respects  it  agrees 
with  alumiiie. 

G.  Glucine  is  soluble  in  carbonate  of  ammonia;  a  pro- 
perty distinguishing  it  from  aluminc. 

7.  It  appears,  like  alumine,  to  have  an  affinity  for  co- 
louring matter. 

8.  With  the  different  acids  it  forms  combinations,  which 
have  a  sweet  and  rather  astringent  taste.  Hence  its  namd 
has  been  derived  from  yXvy.vg,  signifying  sweet. 

9.  It  is  not  precipitated  by  triple  prussiate  of  potash. 
111.  We  have  no  knowledge  of  the  base  of  glucine. 

When  obtained,  its  proper  denomination  will  be  glucium. 


SECTION  IX. 

Yttria,  or  litria. 

i.  This  earth  was  discovered  in  1794,  by  Professor  Ga- 
dolin,  in  a  stone  from  Ytterby  in  Sweden,  and  its  title  to 
the  character  of  a  peculiar  earth  rests,  also,  on  the  un- 
questionable authority  of  Klaproth  and  Vauquelin,  both 
of  whom  have  made  it  the  subject  of  experiment.  The 
following  process  for  obtaining  it,  is  described  by  Vau- 
quelin in  th«  3Gih  volume  of  the  Annales  de  Chimief 
page  150. 
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Fuse  the  pulverized  stone  (called  Gadolinite)  in  the 
manner  already  described,  witli  twice  its  weight  of  potash ; 
wash  the  mass  witli  boiling  distilled  water,  and  filter.  The 
filtered  solution,  which  has  a  beautiful  green  colour,  yields, 
during  evaporation,  a  black  precipitate  of  oxide  of  manga- 
nese. Wlien  this  has  ceased  to  appear,  allow  the  liquor  to 
stand ;  decant  the  clear  part,  and  saturate  with  nitric  acid. 
Let  the  insolulile  part  be,  also,  digested  with  extremely 
dilute  nitric  acid,  which  will  take  up  the  soluble  earths 
only,  and  will  leave,  undissolved,  tlie  silex  and  oxide  of 
iron.  Let  the  two  portions  be  mingled  together,  and  eva- 
porated to  dryness;  then  re-dissolved  and  filtered:  by 
which  means^  any  remains  of  silex  and  oxide  of  iron  are  se- 
parated. To  obtain  the  yttria  from  the  nitric  solution,  it 
would  be  sufficient,  if  no  other  earth  were  present,  to  pre- 
cipitate it  by  carbonate  of  ammonia ;  but  small  portions  of 
lime,  and  of  oxide  of  manganese,  are  still  present  along 
with  it.  The  first  is  separated  by  a  few  drops  of  carbonate 
of  potash ;  and  the  manganese,  by  the  cautious  addition  of 
hydro-  St dphuret  of  potash.  The  yttria  is  then  to  be  preci- 
pitated by  pure  ammonia,  washed  abundantly  with  water, 
and  dried.  It  amounts  to  about  35  per  cent  of  the 
stone. 

n.  Yttria  has  the  following  properties : 

1.  It  is  perfectly  white;  but  it  is  difficult  to  preserve  it 
free  from  a  slight  tinge  of  colour,  ownig  to  its  contamina- 
tion with  oxide  of  manganese. 

2.  It  has  neither  taste  nor  smell ;  and  it  is  smooth  to  the 
touch,  like  alumine. 

3.  It  is  insoluble  in  water,  and  infusible  by  beat. 

4.  It  is  very  ponderous;  its  specific  gravity  being^ 
4.842. 

5.  It  is  not  attacked  by  pure  alkalis ;  and,  in  this  re- 
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spect  it  difters  from  glucine  atid  alumlne,  both  which  are 
abundantly  soluble  in  fixed  alkalis. 

G.  Like  glucine,  it  is  soluble  in  carlionate  of  ammonia, 
but  five  or  sbc  times  less  so  than  that  earth ;  or,  in  other 
words,  of  equal  quantities  of  glucine  and  yttria,  the  latter 
requires  for  solution  five  or  six  times  more  of  the  carbonate 
of  ammonia  than  the  former. 

7.  It  is  soluble  in  most  acids ;  and  is  precipitated  by 
pure  alkalis,  by  barytes,  and  by  lime. 

8.  From  these  solutions  it  is  also  precipitated  by  the 
oxalic  acid,  and  by  oxalate  of  ammonia,  in  a  state  resem- 
bling precipitated  muriate  of  silver.  Prussiate  of  potash 
throws  it  down  in  small  white  grains  passing  in  a  short 
time  to  pearl  grey ;  phosphate  of  soda  in  a  white  gelati- 
nous form ;  and  infusion  of  galls  in  bro^^'n  flocculi. 

9.  Yttria,  which  has  been  a  long  time  exposed  to  the 
action  of  fire,  gives  out  oxygenized  muriatic  acid,  when 
dissolved  in  common  muriatic  acidj  thus  manifesting  on6 
property  of  a  metallic  oxide.  (Nicholson's  Journal,  xviii. 
77.) 

III.  llie  base  of  yttria  did  not  form  an  object  of  Mr. 
Davy's  investigations. 
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CHAPTER  X. 

OF  ACIDS  IN  GENERAL. 

THE  term  acid  is  assigned  to  all  bodies,  that  possess  one 
or  more  of  the  following  properties. 

1.  The  acitls  have  a  peculiar  taste,  which  is  expressed, 
in  common  language,  by  the  term  sourness.  This  is  very 
different,  as  to  its  degree,  in  different  acids.  In  some  it  is 
so  intensely  strong,  tliat  they  cannot  be  applied  to  the 
tongue  without  producing  pain ;  and  it  characterizes  them, 
even  when  diluted  with  several  hundred  times  their  weight 
of  water.  The  sourness  of  others  is  such  only,  as  to  ren- 
der them  agreeable  to  the  palate. 

2.  The  acids  redden  blue  vegetable  colours ;  and  they 
possess  tliis  property  even  when  very  greatly  diluted. 
Hence  blue  vegetable  infusions,  or  papers  stained  with 
tliem,  become  tests  of  tlie  presence  of  uncombined  acids. 
A  single  drop  of  sulphuric .  acid  is  capable  of  reddening  » 
large  quantity  of  water  coloured  with  litmus,  or  with  syrup 
of  violets. 

3.  Tlie  acids  combine  chemically  with  alkalis,  earths^ 
and  metallic  oxides ;  and  totally  destroy  the  peculiar  qua- 
lities of  those  bodies.  Let  a  few  ounce-measures  of  water 
be  tinged  blue  with  syrup  of  violets ;  add  a  few  drops  ot 
sohition  of  potash,  and  the  colour  will  be  changed  to  green  ; 
then  drop  in,  very  slowly  and  cautiously,  sulphuric  acid 
much  diluted,  and  the  blue  colour  will  be  restored.  At  this 
point,  neither  the  acid  nor  tlie  alkali  is  in  excess ;  or  they 
are  said  to  7mfnilhe  each  other.    In  this  state,  therefore 
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one  of  the  most  remarkable  qualities,  both  of  the  acid  and 
alkali,  is  destroyed ;  and,  on  farther  examination,  it  will  be 
found  that  all  the  other  characteristics  of  the  components 
are  no  longer  apparent  in  the  compound. 

It  is  not  necessary,  however,  in  ordor  to  entitle  a  body 
to  rank  among  the  acids,  that  it  should  possess  all  the  qua- 
lities which  have  been  enumerated.  The  prussic  acid,  for 
example,  is  neither  sour  to  the  taste,  nor  does  it  redden 
blue  vegetable  colours ;  but  yet,  from  its  properties  of  che- 
mical combination,  emmierated  under  the  third  head,  it  is 
arranged  among  the  acids.  Other  bodies,  again,  are  ex- 
cluded from  this  class,  which  possess,  partly,  the  characters 
of  acids.  Thus  sulphuretted  hydiogen  changes  the  blue 
colours  of  vegetables  to  red;  and  combines  chemically 
with  alkalis  and  earths. 

All  the  acids,  which  have  hitherto  been  decomposed, 
agree  in  containing  oxygen,  which  has  been  considered  as 
the  general  principle  of  acidity.  The  universality  of  this 
inference,  however,  has  been  limited  by  Mr.  Dax^'s  dis- 
covery that  alkalis,  also,  have  oxygen  for  one  of  their  ele- 
ments. Notwithstanding  this  limitation,  it  is  of  import- 
ance to  have  ascertained  the  fact ;  because,  as  will  after- 
wards appear,  many  of  the  most  remarkable  qualities  of  the 
acids  depend  on  their  containing  oxygen.  The  peculiar 
properties  of  each  acid  are  derived  from  the  combustible  i 
base,  with  which  the  oxygen  is  united ;  and  so,  also,  is  its 
denomination.  Tims  sulphur,  when  oxygenated,  affords 
sulphuric  acid ;  carbon  carbonic  acid ;  and  so  of  the  rest. 
But  the  same  combustible  base  admits  of  being  com- 
bined with  different  proportions  of  oxygen ;  and  the  com- 
pounds, thus  generated,  are  distinguished  by  a  ver^  differ- 
ent train  of  qualities.  Sulphur,  for  example,  when  com- 
bined witii  the  full  proportion  of  oxygen,  which  it  is  capa-s 
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ble  of  uniting  with,  affords  a  very  dense  and  coiTOsive  acid 
called  the  sulphur/c;  when  oxygenated  in  a  less  degree,  it 
yields  a  penetrating  and  suffocating  gas  called  the  sulphur- 
oiis  acid.  By  these  two  terminations,  the  degrees  of  oxy- 
genation are  distinguished.  Thus  we  have  the  phosphor/p 
and  phosphoro^«  acids,  the  nitric  and  mXious ;  the  termi- 
nation ic  denoting  an  acid  with  its  full  proportion  of  oxy- 
gen. In  some  cases,  a  combustible  base,  which  afibrds  ari 
acid  when  fully  oxygenated,  constitutes  only  an  oxide  when 
combined  with  a  less  quantity  of  oxygen.  Carbon, 
for  example,  affords  carbonous  oxide  and  carbonic  acid, 
but,  so  far  as  is  hitherto  known,  no  intermediate  pro- 
duct. 

The  following  table  exhibits  the  compounds,  which  re- 
sult from  the  oxygenation  of  some  of  the  principle  com- 
bustible bases. 


100  parts  of 


Carbon  .  . 
Sulphur  .  . 

Nitrogen  . 

Phosphorus  | 
^luriatic  acid 


The  composition 
That  of  fluoric  and 


united  with 


260  oxygen 


1321 


130  oxygen 

92   

227  oxygen 
190  — 
114  — 

57   

1 14  oxygen 

76  — 

30  oxygen 


Result. 

.  carbonic  acid. 
.  carbonous  oxide. 
.  sulp'mric  acid. 
.  sulphurous  acid. 
.  nitric  acid. 
.  nitrous  acid. 
,  nitric  oxide. 
.  nitrous  oxide. 
.  phosphoric  acid. 
.  phosphorous  acid. 
.  oxy-muriatic  acid. 


of  muriatic  acid  is  still  unknown, 
boracic  acids,  it  will  appear  from  the 
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sequel,  has  been  determined  in  this  country  by  Mr.  Davy, 
and  in  France  by  Thenard  and  Gay  Lussac.  But  we  are 
not  yet  fully  acquainted  with  the  properties  of  their  bases ; 
nor  are  we  able  to  assign  the  proportions  in  which  these, 
bases  unite  with  oxygen. 

It  is  in  consequence  of  the  oxygen,  which  they  contain, 
that  several  of  the  acids  are  decomposed  by  inflammable 
substances,  with  the  disengagement  of  intense  heat  and 
light ;  or  that  the  acids  are  (as  they  have  been  well  termed 
by  Dr.  Thomson)  supporters  of  combust imi.  This  pro- 
perty belongs  most  remarkably  to  the  acids,  in  which  oxy- 
gen is  most  weakly  combined.  Thus  the  nitric  and  oxy- 
muriatic  acids  retain  their  oxygen  so  feebly,  that  many  in- 
flammable substances,  when  merely  introduced  into  them 
at  the  ordinary  temperature  of  the  atmosphere,  take  fire 
and  burn  with  vehemence.  Tlie  oxy-muriatic  acid  even 
supports  the  combustion  of  many  bodies,  which  are  not  in- 
flammable in  the  atmosphere,  such  as  gold  and  other  per- 
fect metals. 

Eveiy  acid,  with  a  few  exceptions,  is  capable  of  uniting 
with  each  individual  of  the  classes  of  alkalis,  earths,  and 
metallic  oxides.  In  these  compounds,  the  separate  quali- 
ties of  the  component  principles  are  in  many  instances  no 
longer  apparent,  and  hence  they  have  been  called  neutral 
salts.  In  every  salt,  then,  there  are  present  two  distinct 
ingredients.  The  acid,  of  whatever  kind  it  may  be,  has 
been  denominated,  by  Lavoisier,  the  saJifying  p7'inci2)le  ; 
and  the  body,  with  which  the  acid  is  combined,  whether 
an  alkali,  an  earth,  or  an  oxide  of  any  of  the  common  mc- 
,  tals,  the  salifiable  base,  or  simply  the  base.  The  salts, 
formed  by  any  individual  acid  with  all  these  different 
b^ses,  may  be  considered  as  a  genus  or  class ;  and  may  be 
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distinguislicd  by  a  generic  name,  expressive,  in  part,  of 
tlicir  composition,    lliis  general  name  is  taken  from  that 
of  the  acid.    The  combination  of  sulphuric  acid,  for  in^ 
stance,  with  any  base,  is  called  a  sulyhat  or  sulphate  ;  of 
phosphoric  acid  a  phosphate;  and  so  of  the  rest.  The 
name  of  the  individual  salt  is  derived  from  that  of  the 
base,    Thus  we  have  the  sulphat  of  potash^  the  sxdphat 
of  soda,  &c.    But  sulphur,  phoi^phorus,  and  other  bodies, 
it  has  already  been  observed,  are  susceptible  of  different 
degrees  or  stages  of  oxygenation  ;  and  alford,  in  these  dif- 
ferent stages,  acids  which  are  characterized  by  a  peculiar 
train  of  properties.    The  compounds,  also,  which  result 
from  the  union  of  two  different  acids,  having  the  same 
combusiible  base,  with  alkalis  and  earths,  are  altogether 
different  from  each  other.    The  salt,  for  example,  which 
sulphur/c  acid  affords  with  potash,  is  wholly  unlike  that 
which  results  from  the  combination  of  sulphuro?<5  acid  with 
the  same  base.    It  was  necessary,  therefore,  to  distinguish 
the  compounds  of  the  more  oxygenated  from  those  of  the 
less  oxygenated  acid ;  and  this  has  been  done  by  changing 
the  termination  from  at  or  ate  to  ite.    Thus  tlw  salts, 
formed  with  sulphurous  and  phosphorous  acid,  are  called 
sulphites  and  phosphites ;  as  sulphite  of  potash,  phosphite 
of  soda,  &c.    To  this  rule  there  is  the  exception  of  the 
compounds  of  muriatic  acid.  No  inferior  state  of  oxygena- 
tion being  known  with  respect  to  this  acid,  its  compounds 
are  termed  muriates ;  and  those  of  the  same  acid  with  an 
excess  of  oxygen,  oxygenized  muriates,  or  hyper-oxygen- 
ized muriates,  or  (as  is  now  piost  usual  for  the  sake  of  bre- 
vity) oxy-muriates. 

Hitherto,  however,  we  have  considered  the  compounds 
of  acids  with  their  respective  bases  only  in  the  state  of  neu- 
tral compounds,  in  which  neither  the  acid,  nor  the  basQ 
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predominates.  But  we  have  several  instances,  in  which  a 
neutral  compound  is  susceptible  of  uniting  with  an  addi- 
tional quantity  of  acid  or  of  base,  and  thus  of  acquiring'  an 
entirely  new  set  of  properties.  Common  cream  of  tartar, 
for  example,  is  a  salt  in  which  acid  properties  are  rendered 
apparent  by  its  taste  and  action  on  vegetable  cohmrs,  and 
which  requires  ten  times  more  water  for  solution  than  the 
neutral  compound  of  the  same  acid  and  base.  To  distin- 
guish this  and  other  similar  salts,  the  epithet  acidulous 
was  first  proposed ;  but,  for  the  sake  of  brevity,  it  has  now 
become  customaiy  to  prefix  the  Latin  preposition  super. 
Thus  we  have  the  A7/;;rr-tartrate  of  potash ;  the  super-sul- 
phate of  potash ;  &c.  On  the  contrary,  when  the  base  is 
predominant,  we  denote  tlie  deficiency  of  acid  by  the  pre-' 
position  sub,  as  sub-carbonate  of  potash,  sub-borate  of 
soda,  &c.  If  it  should,  hereafter,  be  proved  (which  is  ex- 
tremely probable)  that,  consistently  with  the  views  of  Mr. 
Dalton,  bodies  unite  atom  to  atom  singly,  or  if  either  is  in 
pxcess  that  it  exceeds  by  a  ratio  to  be  expressed  by  some 
simple  multij^le  of  the  number  of  its  atoms,  we  may  then 
adopt  the  nomenclature  proposed  by  Dr.  Wollaston.  Thus 
he  has  suggested  the  terms  binoxalate  and  quadroxalate  of 
potash,  to  denote  the  compoimds  of  oxalic  ac  id ;  the  pro- 
portions in  the  former  being  supposed  to  be  two  particles 
i)f  potash  to  two  of  acid,  and  in  the  latter  two  of  potash  to 
four  of  acid.  / 

Tliere  are  a  few  instances  of  salts  with  compound  bases; 
and  in  cases  of  this  kind  it  is  customary  to  annex  to  the 
generic  name  those  of  both  the  bases.  Thus,  for  example, 
we  have  the  tartrate  of  |X)tash  and  soda,  the  phosphate  of 
ammonia  and  magnesia,  or  as  it  sometimes  called  ammo- 
liiaco-magnesian  phosphate. 

In  no  part  of  chemistry  is  the  advantage  of  the  new  no- 
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menclature  more  strongly  experienced,  than  in  the  class 
of  neutral  salts ;  for  the  number  of  these  compounds  is 
susceptible  of  being  multiplied  to  an  immense  extent.  If 
the  knowledge  of  the  name  did  not  lead  to  that  of  the 
compound,  no  powers  of  memory  would  be  adequate  to  re- 
tain them.  But  by  changing  the  arbitrary  titles,  formerly 
assigned  to  them,  for  naines  expressive  of  their  composi- 
tion, we  are  furnished  with  a  kind  of  ai-tificial  memory, 
which  renders  their  recollection  perfectly  easy.  Thus  for 
the  terms  butter  of  antimony,  sugar  of  lead,  and  Glauber's 
salt,  are  now  substituted  the  more  appropriate  epithets  of 
muriate  of  antimony,  super-acetate  of  lead,  and  sulphate  of 
soda. 

Of  those  acids,  which  are  supporters  of  combustion,  a 
few  retain  the  same  property  even  in  combination.  Nitrate 
of  potash,  it  is  well  known,  enters  into  active  inflammation 
with  charcoal,  siilplnir,  and  other  combustible  bodies.  This 
is  owing  to  the  quantity  of  oxygen  vv'hieh  the  nitric  acid 
contains,  and  which  is  less  strongly  attracted  by  the  nitrogen 
than  by  the  newly  added  body, 

Other  properties,  general  to  the  class  of  salts,  have  al- 
ready been  described  in  the  section  on  cohesion;  espe- 
cially their  solubility,  and  their  crystallization.  I  proceed, 
therefore,  to  the  history  of  the  different  acids,  and  of  the 
compounds  which  they  yield  with  the  several  alkaline  and 
earthy  bases.  Under  each  Iiead,  I  shall  first  enumerate  the 
properties  of  the  base  of  the  acid ;  and  its  combinations 
with  such  other  combustible  bodies,  as  may  already  have 
been  introduced  to  the  readei"'s  notice. 
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CARBONIC  ACID  AND  ITS  BASE.  CARBONATES.  ^^BINARY 

COJVIPOUNDS  OF  CARBON. 

THE  bodies,  which  fonn  the  subject  of  this  chapter,  will 
be  described  in  the  following  order. 

I.  Carbon,  and  its  various  modifications. 

II.  The  compound  of  carbon  and  oxygen,  in  its  highest 
stage  of  oxygenation,  constituting  carbonic  acid;  and, 
connected  with  it,  the  class  of  salts  called  carbonates. 

III.  The  OXIDE  OF  CARBON,  Or  CARBONOUS  OXIDE,  a 

((jwTipound  containing  less  oxj^gen  than  carbonic  acid. 

iV.  The  various  combinations  of  carbon  and  hydrogen^ 
germed  carburetted  hydrogen. 


SECTION  I. 

Carbon  and  Charcoal. 

It  had  long  been  admitted  as  an  established  truth,  chiefiy 
on  the  evidence  of  the  experiments  of  Guyton  {Annalesde 
C/rimie,  xxxi.),  that  the  diamond  b  the  only  form  of  pure 
carton ;  and  tliat  charcoal  is  a  compound  of  carbon  and 
oxygen,  or  an  oxide  of  carbon.  The  iinportant  experi- 
ments of  Messrs.  Allen  and  Pepys  have  suggested,  how- 
ever, that  the  diamond  and  charcoal,  tliough  so  widely 
remote  from  each  other  in  external  character's,  are,  as  to 
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their  chemical  nature,  identically  the  same ;  and  that  the 
tlilfercnce  Ix'tween  them,  in  all  probability,  results  merely 
from  the  respective  states  of  aggregation  of  their  particles. 

Some  doubt,  it  must  be  confessed,  has  been  thrown  on 
this  conclusion  by  the  recent  experiments  of  Mr.  Davy, 
who,  by  the  powerful  agency  of  gah  anic  electricity,  has 
discovered  both  in  the  diamond  and  in  charcoal  very 
minute  quantities  of  foreign  matter. 

Small  pieces  of  willow  charcoal,  which  had  been  in- 
tensely ignited,  were  subjected  by  Mr.  Davy  to  the  action 
of  a  powerful  Voltaic  battery,  in  a  Toricellian  vacuum  ; 
every  precaution  being  taken  to  exclude  moisture,  both 
from  the  mercury  and  the  charcoal.  A  flame  issued  from 
it  of  a  most  brilliant  purple  colour;  and  formed,  as  it 
were,  a  conducting  chain  of  light  of  nearly  an  inch  in 
length.  At  the  same  time,  clastic  matter  was  rapidly 
formed,  some  of  which  was  permanent,  and  in  the  propor- 
tion of  a  cubic  inch  from  eight  grains  of  charcoal.  It  was 
inflammable  when  mingled  with  oxygen  gas,  and  gave 
carbonic  acid ;  and  hence  contained  both  hydrogen  and 
cnrbon. 

Charcoal,  heated  with  potassium,  seemed  to  combine 
with  it ;  but  there  was  no  evidence  that  the  potassium  had 
acquired  the  smallest  quantity  of  oxygen  by  this  treatment ; 
for  it  evolved  from  water  as  much  hydrogen  gas,  as  an 
equal  weight  of  pure  potasslmn. 

This  was  not  the  case,  however,  with  the  diamond. 
When  heated  with  potassium,  it  lost  somewhat  of  its 
weiglit ;  and  became  covered  with  a  greyish  crust,  which, 
when  separated  by  washing,  appeared  as  a  fine  powder  of  a 
black  colour.  The  potassium  seemed  to  he  in  some  de- 
gree oxidized ;  for  it  gave  a  diminished  product  of  hydrogea 
jjasj  wlien  made  to  act  on  water. 
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From  these  expeiinients  it  appears  that  charcoal  con- 
tains a  little  hydrogen ;  and  the  diamond  a  very  minute 
proportion  of  oxygen,  both  however,  too  trifling  to  be  dis- 
covered by  any  difference  in  the  results  of  their  com- 
bustion. 

No  remarkable  effects  were  ol)tained  by  igniting  char- 
coal intensely  in  contact  with  nitrogen  gas.  Carbonic  acid 
was  not  formed,  and  all  that  took  place  was  the  evolution 
©f  a  portion  of  carburetted  hydrogen. 

To  obtain  charcoal  free  from  contamination,  pieces  of 
•ak,  willow,  hazle,  or  otiier  woods,  deprived  of  the  bark, 
may  be  buried  in  sand  In  a  crucible,  which  is  to  be  ex- 
posed, covered,  to  the  strongest  heat  of  a  wind-furnace. 

For  purposes  of  accuracy,  charcoal  must  be  used  when 
recently  prepared,  and  before  it  has  had  time  to  become 
cold ;  or  if  it  cannot  be  had  fresh  made,  it  must  be  heated 
again  to  redness  under  sand  in  a  crucible. 

From  100  parts  of  each  of  the  following  woods,  Messrs. 
Allen  and  Pepys  obtained  the  annexed  quantities  of  char- 
coal; viz.  from  fir,  18.17;  lignum  vitis,  17.25;  box,  20.25; 
beech,  15;  oak,  17-40:  mahogany,  15.75. 

Charcoal  has  the  following  properties  : 

1.  In  its  aggregated  state  it  is  black,  perfectly  insipid, 
and  free  from  sm.ell ;  insoluble  in  water,  brittle,  and  easily 
pulverized.  In  close  vessels,  and  entirely  seemed  from 
contact  with  air,  it  is  unchanged  by  any  degr.ee  of  heat. 
A  gas,  howevei',  may  be  collected  from  it  by  distillation, 
which  consists  of  hydrogen  and  carbon,  and  perhaps  a  little 
oxygen.  Berthollet  has  found,  also,  in  the  aeriform  pro- 
ducts of  its  distillation,  a  considerable  proportion  of  ni- 
trogen. {Mhnoires  d'Araidly  ii.  484.) 

2.  Charcoal  has  the  singular  property  of  absorbing  gases, 
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witliout  alteration.  Fill  a  jar  witli  common  air,  or  any 
othtM*  s^as,  and  place  it  over  dry  mercury :  take  a  piece  of 
charcoal,  red-hot  from  the  fire,  and  plunge  it  in  the  mer- 
cury of  the  bath :  whe)i  cold,  let  it  be  passed  into  the 
vessel  of  gas,  without  bringing  it  into  contact  with  the 
atmosphere.  A  considerable  diminution  of  the  gas  will  be 
speedily  eftected. 

Count  Morozzo  has  given  the  following  table  of  the 
quantities  of  different  gases  absorbed,  in  the  foregoing* 
manner,  by  charcoal.  In  each  experiment,  he  employed  sk 
piece  of  that  substance  1  inch  long  and  4  of  an  inch  dia- 
meter. The  receiver  containing  gas  was  12  inches  long 
and  1  inch  diameter. 


Gas  absorbed.  Inches. 
Atmospheric    .    .    .  3| 
Carbonic  acid '  .    .  .11 
Ammonia    .    .    .  .11 
Muriatic  acid   .    .  .11 
Sulphuretted  hydrog.  .  1 1 


Gas  ahsm'bed.  Inches. 
Nitrous     .    .    .    .  6'c- 
Hydrogen  ....  2tV 
Oxygen      ....  25- 
Sulphurous  acid  .    .  5§ 


3.  From  the  experiments  of  Rouppe  (Annales  de  Chi-' 
mie,  xxxii.  1),  it  appears,  that  if  charcoal,  M'hich  has  im- 
bibed oxygen  gas,  be  brought  into  contact  with  hydrogen 
gas,  water  is  generated. 

4.  Charcoal,  by  long  exposure  to  the  atmosphere,  ab- 
sorbs one  twentieth  of  its  weight,  th.rce  fourths  of  which 
are  water.    (Clement  and  Desormes). 

The  charcoal  of  different  woods,  Messrs.  Allen  and 
Pepys  found  to  increase  vcrv'  differently  in  w- eight  j  that 
from  fir  gaining,  by  a  week's  exposure,  13  per  cent.;  that 
fror.r  lignum  vitaj,  in  the  same  time,  9.6  ;  from  box,  14  ; 
beech,  16.3;  oak,  16,5  ;  mahogany,  IS.    The  nbsoi"ptinn 
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goes  on  most  rapidly  during  the  first  24  hours ;  and  by 
much  the  largest  part  of  what  is  absorbed  consists  of  water 
merely. 

5.  Charcoal  resists  the  putrefaction  of  animal  substances. 
A  piece  of  flesh-meat,  which  has  begun  to  be  tainted,  may 
have  its  sweetness  restored  by  rubbing  it  daily  with 
powdered  charcoal ;  and  may  be  preserved  sweet  for  some 
time  by  burying  it  in  powdered  charcoal,  which  is  to  be 
renewed  daily.  Putrid  water  is  also  restored  by  the  appli- 
cation of  the  same  substance;  and  water  may  be  kept 
unchanged  at  sea,  by  charring  the  inner  surface  of  the 
casks  which  are  used  to  concain  it.  {hovliz,  Annales  de 
Chimie,  xiv.)  It  produces,  also,  a  remarkable  etfect  in 
destroying  the  taste,  odour,  and  colour  of  many  vegetable 
and  animal  substances.  Common  viiiegJir,  by  being  boiled 
on  it,  is  rendered  perfectly  limpid.  Rum  and  other 
varieties  of  ardent  spirit,  which  are  distinguished  by  pe- 
culiar colours  and  flavours,  lose  both  by  maceration  with 
powdered  charcoal.  'Jlie  colour  of  litmus,  indigo,  and 
other  pigments,  dissolved  or  suspended  in  water,  is  de- 
stroyed. Putrid  animal  fluids,  also,  are  completely  de- 
prived of  their  odour. 

6.  Charcoal  is  a  very  slow  conductor  of  caloric.  Tlie 
experiments  of  Guyton  have  determined,  that  caloric  h 
conveyed  through  charcoal  more  slowly  than  through  sand, 
in  the  proportion  of  three  to  two.  Hence  powdered  char- 
coal may  be  advantageously  employed  to  surround  sub- 
stances which  are  to  be  kept  cool  in  a  warm  atmosphere ; 
and  also  to  confine  the  caloric  of  heated  bodies. 
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SECTION  II. 

Comhustion  of  Carbon. 

If  a  small  piece  of  charcoal  be  exposed  red-hot  to  the 
common  atmospheric  air,  it  exhibits  scarcely  any  signs  ol 
combustion,  and  soon  becomes  cold.  But  if  a  similar 
piece,  heated  to  about  802°  Fahrenheit  or  nearly  to  red- 
ness, be  introduced  into  a  receiver  filled  with  oxygen  gas, 
it  continues  to  burn  with  greatly  increased  splendour,  and 
with  bright  scintillations.  If  the  charcoal  be  pure,  and  its 
proportion  rightly  adjusted,  it  is  entirely  consumed.  When 
the  qiaantity  burnt  is  considerable,  a  manifest  productior» 
of  water  takes  place,  and  the  inner, surface  of  the  glass 
vessel  becomes  covei  ed  with  moisture,  which  disappears, 
however,  on  standing.  This  portion  of  water  owes  it? 
origin  to  the  union  of  oxygen  with  the  hydrogen  which,  it 
appears  from  Mr.  Davy's  experiments,  and  from  the  re- 
sults of  its  distillation,  all  charcoal  contains. 

The  diamond,  also,  which  was  formerly  considered  as 
an  incombustible  substance,  may  be  consumed  by  a  sufli- 
ciently  intense  heat,  even  in  atmospherical  air.  The 
Florentine  academicians,  in  the  year  1()94,  appear  first  to 
have  ascertained  this  fact,  by  exposing  diamonds  to  the 
focus  of  a  [Xtwerful  burning  lens.  Their  experiment  has 
been  repeated  by  subsequent  chemists,  with  various  modi- 
fications. It  has  been  found  by  Sir  George  Mackenzie 
that  diamonds  burn,  when  exposed  on  a  mviffle,  to  the  tem- 
perature of  about  14°  Wedgwcx)d.  In  oxygen  gas  they 
are  consumed  more  rapidly,  their  surface  first  becoming 
black.  By  efiecting  their  combustion  in  this  way,  Guyton 
thought  h<i  had  determined  that  the  diamond,  in  an  equa\ 
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weight,  contains  more  real  carbon  than  common  charcoal. 
His  experiments,  however,  have  not  been  confirmed  by 
those  of  subsequent  chemists.  One  fact,  however,  has 
been  contributed  on  this  subject  by  Guyton,  which  is  of 
considerable  value.  The  diamond,  he  first  ascertained,  is 
destroyed  when  thrown  into  red-hot  and  melted  nitre ;  and 
this  property,  it  will  afterwards  appeal",  has  been  success- 
fully applied,  by  Mr.  Tennant  to  the  determinaiion  of  the 
nature  of  the  diamond,  and  of  the  proportion  of  ingredients 
in  carbonic  acid. 

To  collect  the  products  of  the  combustion  of  carbon, 
requires  rather  a  complicated  apparatus.    Lavoisier  burnt 
charcoal  in  a  known  quantity  of  oxygen  gas,  which  was 
confined  by  mercury,  setting  fire  to  the  charcoal  by  a 
bent  iron  wire  heated  to  redness.  (Elements  of  Chemistry, 
pi.  iv.  fig.  3.)    Messrs.  Allen  and  Pep}-s  collected  the  pro- 
ducts of  the  combustion  of  charcoal  and  of  the  diamond, 
by  burning  them  separately  in  a  platina  tube,  set  horizon- 
tally in  a  charcoal  furnace,  and  connected,  at  each  extre- 
mity, with  a  mercurial  gazometer.    An  idea  of  this  ar- 
rangement will  best  be  obtained  by  imagining  that  to  each 
end  of  the  tube  r,  fig.  40,  the  pipe  6  of  a  gazometer,  like 
that  shown,  fig.  85,  is  connected.    At  the  outset  of  the  ex- 
periment, one  of  the  gazometers  was  filled  with  a  known 
quantity  of  the  purest  oxygen  gas,  and  the  other  was  empty. 
The  tube  was  then  made  red-hot;  and  the  gas,  being 
forced  alternately  from  one  gazometer  to  the  other,  was 
repeatedly  brought  into  contact  with  the  red-hot  charcoal 
or  diamond.    The  volume  of  the  gas  was  found  to  be  en- 
tirely unaltered;  but  it  had  received  an  addition  to  its 
weight,  precisely  equal  to  what  the  charcoal  or  diamond, 
on  weighing,  was  ascertained  to  have  lost;  and  it  was 
partly  converted  into  a  gas,  totally  different  in  its  proper- 
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ties  from  oxygen  gas,  and  called  carbonic  acid.  It  appears, 
therefore,  that  oxygen  gas,  by  conversion  into  carbonie 
acid,  undcjgoes  neither  expansion  nor  condensation. 


SECTION  III. 

Carbonic  Acid. 

From  the  quantity  of  charcoal  or  diamond  consumcdi 
and  the  quantity  of  oxygen  converted  into  carbonic  acid, 
it  was  easy  to  infer  the  proportion  of  carbon  and  oxygen 
in  the  new  compound.  Reducing  these  to  centesimal 
proportion,  for  every  28  or  29  grains  of  the  combustible 
base  which  had  disappeared,  100  grains  of  carbonic  acid 
(= about  201  cubic  inches)  were  generated;  and  it  is  re- 
markable that  these  proportions  agree  exactly  with  those 
originally  stated  by  Lavoisier.  The  same  quantity  of 
carbonic  acid  resulted,  also,  from  the  combustion  of  be- 
tween 28  and  29  grains  of  diamond.  Hence  it  may  be 
inferred,  that  the  actual  quantity  of  carbon  in  equal 
weights  of  diamond  and  charcoal  is  precisely  the  same; 
and  that  charcoal  is  not,  as  has  hitherto  been  supposed,  an 
oxide  of  carbon.  If  this  inference  required  confirmation, 
it  is  furnished  by  its  agreement  ^hh  Mr.  Tennant's  expe- 
riments on  the  combustion  of  the  diamond,  published  in 
1797.  Tw'O  grains  and  a  half  of  diamond,  this  philoso- 
pher found,  when  consumed  in  a  tube  of  gold  by  means  of 
nitre,  gave  nine  grains  of  carbonic  acid,  which,  in  100 
parts  should  contain,  therefore,  as  nearly  as  possible,  28 
parts  of  diamond  or  carbon.    The  mean  of  a  number  of 
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Messrs.  Pepys  and  Allen's  experiments  gave  the  following 
statement  of  the  composition  of  carbonic  acid : 

100  parts  by  weighty  28.0'0  carbon 
consist  of  .    .        71-40  oxygen, 

100 

It  is  remaikable,  also,  that  these  numbers  are  precisely 
those  which  result  from  the  experiments  of  Clement  and 
Oesormcs.  {Aruiales  dc  Chimie,  xxxix.  42.) 

In  addition  to  the  proofs  of  the  constitution  of  carbonic 
acid,  derived  from  its  synthesis,  we  have  also  the  evidence 
of  its  analysis,  which  may  be  effected  by  several  processes. 

1.  By  passing  a  succession  of  electrical  dischai'ges 
iluough  ai]iiantity  of  carbonic  acid  gas  confined  over  mer^ 
irury,  1  have  found  that  the  gas  is  separated  into  oxygen, 
and  a  gas  called  carbonOus  oxide,  which  consists  of  oxygen 
united  with  a  larger  pro}X)rtion  of  carbon,  than  exists  in 
Ciirbonlc  acid.  When  the  carbonic  acid,  which  escapes 
decomposition,  is  washed  out  by  solution  of  potash,  an 
electric  spark  inflames  the  residuary  mixture ;  the  oxygen 
and  carbonous  oxide  again  uniting,  and  re-composing 
carbonic  acid.  (Philosophical  Transactions,  1809,  page 
•148.) 

2.  When  a  mixture  of  carbonic  acid  and  hydrogen 
gases  is  electrified,  the  hydrogen  combines  with  part  of  the 
oxygen  in  the  acid,  and  reduces  it  to  the  state  of  carbonous 
oxide. 

3.  Wlien  potassium  is  heated  in  carbonic  acid  gas,  Mr. 
Davy  has  found  that  it  inflames;  part  of  it  is  oxidated  at 
the  cxpence  of  the  acid ;  and  part  of  it  unites  with  the 
charcoal,  which  is  precipitated. 

4.  By  simply  heating  phosphorus  in  carbonic  acid  gas, 
HO  step  is  made  towards  the  decomposition  of  the  latter. 

V  2 
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But  by  applying  pliosplionis  to  some  of  tlic  comljinations 
of  carbonic  acid,  the  phosphorus  is  oxygenated,  and  carbon 
appears  in  a  separate  form.  The  original  discovery  of  this 
fact  is  due  to  Mr.  Tennant  (Philosophical  Transactions, 
1/91,  page  182),  and  the  details  of  the  experiment  have 
been  ably  followed  up  by  Dr.  Pearson  (Philosophical 
Transactions,  1792,  page  289). 

To  exhibit  this  fact,  provide  a  tube  of  very  thin  glass 
about  one  third  of  an  inch  wide,  an(l  1 S  or  20  inches  long, 
sealed  at  one  end.  Coat  it,  within  about  an  inch  of  the 
sealed  extremity,  with  a  lute  of  sand  and  clay  ;  and  when 
this  is  dry,  put  into  it  as  much  purified  phosphorus,  in 
small  pieces,  as  will  till  the  uncoated  part.  Then  cover 
the  pliosphorus  with  carbonate  of  lime,  or  carbonate  of 
soda  which  has  been  deprived  of  its  water  of  crystalliza- 
tion. Let  the  part  of  the  tube,  which  contains  tlie  carbo- 
nate, be  hiade  red-hot  by  means  of  a  portable  furnace  j 
and,  at  this  moment,  apply  heat  to  the  part  containing  the 
phosphorus,  sufficient  to  melt  and  raise  it  into  vapour. 
The  vapour  of  the  phosphorus,  coming  into  contact  with 
the  red-hot  carbonate,  will  dccon)pose  the  carbonic  acid ; 
and  charcoal  will  be  found  in  the  residue  of  the  process,  in 
the  form  of  a  very  light  and  black  powder. 

To  procure  carbonic  acid,  sufficiently  pure  for  the  exhi- 
bition of  its  properties,  the  combustion  of  charcoal  is  far 
from  being  the  best  process.  The  student  may,  therefore, 
have  recourse  to  another,  the  rationale  of  which  he  will 
not,  at  present,  understand;  but  which  will  be' explained 
aftenvards.  Into  a  common  gas  bottle,  put  a  little  pow- 
dered marble  or  chalk,  and  pour  on  this  sulphuric  acid, 
diluted  with  five  or  six  times  its  weight  of  water.  A  gas 
will  be  produced,  which  those,  who  have  an  opportunit}^ 
may  receive  over  mercury  ;  but  a  mercurial  apparatus  is 
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not  absolutely  essential,  since  the  gas  may  be  collected 
over  water,  if  used  immediately  when  procured.  Car- 
bonic acid  may,  also,  be  separated  by  heat  alone,  from 
carbonate  of  lime.  For  this  purpose,  coarsely  powdered 
chalk  or  marble  may  be  put  into  the  iron  vessel  fig.  85, 
which  may  be  connected,  by  means  of  the  conducting 
pipe  b,  with  a  gazometer.  The  receiving  cylinder  of  the 
latter,  after  a  suihciently  long  continuance  of  heat  to  the 
bottle  rt,  will  be  filled  with  carbonic  acid  gas.  Its  proper- 
ties are  the  following : 

(«)  It  extinguisJies  fianie. — Set  a  vessel,  filled  with 
the  gas,  with  its  mouth  upwards,  and  let  down  a  lighted 
candle.    The  candle  will  instantly  be  extinguished. 

A  person,  says  Dr.  Priestley,  who  is  quite  a  stranger  to 
the  properties  of  this  kind  of  gas,  will  be  agreeably  amused 
with  extinguishing  lighted  candles,  or  blazing  chips  of 
wood,  on  its  surface.  For  the  smoke  readily  unites  with 
this  kind  of  air  3  so  that  little  or  none  of  it  escapes  into  the 
atmosphere.  It  is  remarkable,  that  the  upper  surface  of 
this  smoke,  floating  in  tlie  fixed  air,  is  smooth  and  well 
defined;  whereas  the  lower  surface  is  exceedingly  ragged, 
several  paits  hanging  down  to  a  considerable  distance 
within  the  body  of  the  carbonic  acid,  and  sometimes  in  the 
form  of  balls,  connected  to  the  upper  stratum  by  slender 
threads,  as  if  they  were  suspended,  The  smoke  is  also 
apt  to  form  itself  into  broad  flakes,  exactly  like  clouds. 
Making  an  agitation  in  this  air,  the  surface  of  it  (which 
still  continues  exactly  defined)  is  thrown  into  the  form  of 
waves ;  aind  if,  by  this  agitation,  any  of  the  carbonic  acid 
be  tluown  over  the  sides  of  the  vessel,  the  smoke,  which 
is  mixed  with  it,  will  fall  to  the  ground,  as  if  it  was  so 
much  v^-yter. 

(A)  It  in  fatal  to  animals^  —Put  a  mouse,  or  other  small 
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animal,  into  a  vessel  of  the  gas,  and  cover  tlie  vessel,  to 
prevent  the  contact  of  common  air.  The  animal  will  die 
in  the  course  of  a  minute  or  two. 

By  means  of  this  gas,  butterflies,  and  other  insects,  the 
colours  of  which  it  is  desirable  to  preserve,  for  the  purpose 
of  cabinet  specimens,  may  be  suffocated  better  than  by 
the  common  mode  of  killing  them  with  the  fumes  of 
sulphur. 

(c)  This  gas  is  heavier  than  common  air. — According 
to  Mr.  Davy,  100  cubic  inches,  at  55°  Fahrenheit,  and  30 
inches  of  the  barometer,  weigh  47.5  grains ;  and  at  GC, 
with  the  same  pressure,  would  weigh  4/Ml.  Messrs. 
Allen  and  Pepys  have  lately  determined  that  100  cubic 
inches,  at  GO^  Fahrenheit,  and  30  inches  barometer, 
weigh  47.26  grains.  Its  specific  gravity,  according  to 
Biot  and  Arajo,  is  1.5196;  and  hence,  if  100  cubic  inches 
ef  atmospheric  air  weigh  31  grains,  the  same  bulk  of  car- 
bonic acid  gas  should  weigh  47-1  grains. 

To  show  the  superior  specific  gravity  of  this  gas  in  a 
general  way,  the  following  experiment  will  be  sufficient. 
Let  a  long  glass  tube,  proceeding  from  a  gas  bottle  con- 
taining powdered  marble  and  dilute  sulphuric  acid,  be 
twice  bent  at  right  angles  ;  let  the  open  end  of  the  longer 
leg  reach  the  bottom  of  a  glass  jar,  perfectly  dry  within, 
and  standing  with  its  mouth  uppermost.  The  carbonic 
acid  will  expel  the  common  aij-  from  the  jar,  because  it  is 
heavier. — This  superior  gravity  may  be  farther  shown  as 
follows :  When  the  jar  is  perfectly  filled  with  the  gas 
(which  may  be  known  by  a  lighted  candle  being  instantly 
extinguished  when  let  down  into  it),  take  another  jar,  of 
rat^^cr  smaller  size,  and  place  at  the  bottom  of  it  a  lighted 
tape  ,  supported  by  a  stand  :  then  pour  the  contents  of  the 
fij-strrnentioned  jar  into  the  second,  as  if  you  wqre  pouring 


SKCT.  III.  CARBONIC    ACID.  327 

in  water.  The  candle  will  be  instantly  extinguished,  as 
efFectually  as  if  it  had  been  immersed  in  water. 

It  is  owing  to  its  superior  gravity,  that  carbonic  acid 
gas  is  often  found  at  the  bottom  of  deep  wells  and  of 
mines,  the  upper  part  of  which  is  entirely  free  from  it. 
Hence  the  precaution,  used  by  the  sinkers  of  wells,  of 
letting  down  a  candle  before  they  venture  to  descend  in 
person. 

{(I)  Carbonic  acid  gas  is  ahsoi'bed  hy  wafer. — Fill 
partly  a  jar  with  this  gas,  and  let  it  stand  a  few  hours  over 
water.  An  absorption  will  gradually  go  on,  till  at  last  none 
will  remain.  This  absorption  is  infinitely  quicker  when 
agitation  is  used.  Repeat  the  above  experiment,  with 
this  difference,  that  the  jar  must  be  shaken  strongly.  A 
very  rapid  diminution  will  now  take  place.  In  this  man- 
ner water  may  be  charged  with  rather  more  than  its  own 
bulk  of  carbonic  acid  gas;  and  it  acquires,  v/iien  thus 
saturated,  a  very  brisk  and  pleasant  taste.  This  impreg- 
nation is  most  commodiously  effected  by  an  apparatus, 
sold  in  the  glass  shops,  under  the  name  of  Nooth's  ma- 
chine. 

The  influence  of  pressure,  in  occasioning  water  to  absorb 
g  larger  quantity  of  carbonic  acid,  may  be  illustrated  by 
an  apparatus,  which  I  have  described  in  the  Philosophical 
Transactions  for  1803,  but  which  cannot  be  understood 
without  the  engraving  that  accompanies  it.  From  a  long 
series  of  experiments  with  this  apparatus,  I  have  deduced, 
as  a  general  law,  that  water  takes  up  the  same  volume  of 
compressed  carbonic  acid  gas,  as  of  gas  under  ordinary 
pressui'e.  And  since  the  space,  occupied  by  any  gas,  is 
inversely  as  the  compressing  force,  it  follows  that  the 
quantity  of  gas,  forced  into  water,  is  directly  as  the  pressure. 
Thus,  if  water,  under  common  circumstances,  takes  up  an 
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equal  bulk  of  carbonic  acid,  under  the  pressure  of  two 
atmospheres,  it  will  absorb  twice  its  bulk  ;  under  three  at- 
mospheres three  times  its  bulk,  and  so  on. 

(<?)  From  water  J  thus  impregnated,  carbonic  acid  in 
again  set  at  liberty^  on  boiling  the  wafer,  or  by  exposing 
it  under  the  receiver  of  an  air-pump. — During  exhaus- 
tion, the  gas  will  escape  so  rapidly,  as  to  present  tlie  ap- 
pearance of  ebullition;  and  will  be  much  more  remark- 
able than  the  discharge  of  air  from  a  jar  full  of  common 
spring  water,  confined,  at  the  same  time,  under  the  re- 
ceiver, as  a  standard  of  comparison. 

(f)  Carbonic  acid  is  eo:^^eUedfrotn  water  by  freezing. 
— If  the  impregnated  water  be  rapidly  congealed,  by  sur- 
rounding it  with  a  mixture  of  snovy  and  salt,  the  frozen 
water  has  more  the  appearance  of  snow  than  of  ice,  its 
bulk  being  prodigiously  increased  by  the  immense  number 
of  air  bubbles.  When  water,  thus  congealed,  is  liquefied 
again,  it  is  found,  by  its  taste,  and  other  properties,  to  have 
lost  nearly  the  whole  of  its  carbonic  acid. 

{g)  Carbonic  acid  gas,  when  combined  with  water, 
reddens  vegetable  blue  colours. — ^This  may  be  shown  by 
dipping  into  water,  thus  impregnated,  a  bit  of  litmus  paper^ 
or  by  mixing,  with  a  portion  of  it,  about  an  equal  bulk  of 
the  infusion  of  litmus.  This  fact  establishes  the  title  of 
the  gas  to  be  ranked  among  acids.  When  an  infusion  of 
litmus,  which  has  been  thus  reddened,  is  either  heated,  or 
exposed  to  tlie  air,  its  blue  colour  is  restored,  in  conse- 
quence of  the  escape  of  the  carbonic  acid.  This  is  a 
marked  ground  of  distinction  from  most  other  acids,  the 
effect  of  which  is  permanent,  even  after  boiling. 

{h)  Carbonic  acid  gas  precipitates  lime  ivater. — This 
character  of  the  gas  is  necessary  to  be  known,  because  it 
•ifibrds  a  ready  test  of  the  presence  of  carbonic  acid  when- 
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ever  it  is  suspeetod.  Pass  the  gjis,  as  it  proceeds  from 
tlie  materials,  tlxrough  a  portion  of  liuie  water.  Tliis, 
though  perfectly  transparent  before,  will  instantly  grow 
nulky : — Or,  mix  equal  measures  of  water  saturated  with 
carbonic  acid  and  lime  water.  The  same  precipitation 
will  ensue.  By  means  of  lime  water,  the  wliole  of  any 
quantity  of  carbonic  acid  existing  in  a  mixture  of  gases, 
may  be  entirely  removed. 

(?■)  By  the  application  of  the  test  (h),  it  will  be  founds 
that  carbonic  acid  in  generated  in  several  cases  of  com- 
bustion.— 1.  Let  the  chimney  of  a  small  portable  furnace, 
in  which  charcoal  is  burning,  terminate,  at  a  distance 
sufficiently  remote  to  allow  of  its  being  kept  cool,  in  the 
bottom  of  a  barrel  provided  with  a  moveable  top,  or  of  a 
large  glass  vessel  having  two  openings.  A  small  jar  of 
lime  water  being  let  down  into  the  tub  or  vessel,  and  agi- 
tated, the  lime  water  will  immediately  become  milky. 
The  gas  will  also  extinguish  burning  bodies,  and  prove 
fatal  to  animals  that  are  confined  in  it.  Hence  the  danger 
of  exposure  to  the  fumes  of  charcoal,  which,  in  several 
instances,  have  been  known  to  be  fatal.  These  fumes  con- 
sist of  a  mixture  of  carbonic  acid  and  nitrogen  gases  with 
a  very  small  proportion  of  oxygen  gas.  2.  Fill  the  pneu- 
mato-chemical  trough  with  lime  water,  and  burn  a  candle, 
in  a  iar  filled  with  s^niospheric  air,  over  the  lime  water  till 
the  flame  is  extinguished.  On  agitating  the  jar,  the  lime 
water  will  become  milky.  The  same  appearances  will 
take  placo,  more  speedily  and  remarkably,  if  oxygen  gas  be 
substituted  for  common  air.  The  carbonic  acid,  thus 
formed  duriijg  cornbusiion,  by  its  admixture  with  the  resi- 
duary air,  renders  it  more  unfit  for  supporting  flame,  than 
it  otherwi>e  would  be  from  the  mere  loss  of  oxygen. 
Hence,  if  a  candle  be  burnt  in  oxygen  gas,  it  is  extin- 
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j^uisherl  long  before  the  oxygen  is  totally  absorbed,  because 
t!ie  admixture  of  carbonic  acid  with  oxygen  gas,  in  con- 
siderable proportion,  unfits  it  for  supjx)rting  combustion. 
Whenever  any  substance,  by  combustion  in  oxygen  gas  or 
common  air  over  lime  water,  gives  a  precipitate,  soluble 
with  ettervescence  in  muriatic  acid,  we  may  confidently 
infer  that  it  contains  carbon. 

(/»:)  The  respiration  of  animals  is  another  source  of 
carbonic  acid. — On  confining  an  animal,  in  a  given  por- 
tion of  atmospheric  air,  over  lime  water,  this  production 
of  carbonic  acid  is  evinced  by  a  precipitation.  The  same 
effect  is  also  produced  more  remarkably  in  oxygen  gas. 
The  production  of  carbonic  acid,  by  respiration,  may  be 
proved,  also,  by  blowing  the  air  from  the  lungs,  with  the 
aid  of  a  quill,  through  lime  water,  which  will  immediately 
grow  milky.  The  carbonic  acid,  thus  added  to  the  air, 
unfi,ts  it  for  supporting  life,  not  merely  by  diminishing 
the  projx>rtion  of  oxygen  gas,  but  apparently  by  exerting 
a  positively  noxious  elfect.  Hence  a  given  quantity  of 
air  will  support  an  animal  much  longer,  when  the  car- 
bonic acid  is  removed  as  fast  as  it  is  formed,  than  when 
suirercd  to  remain  in  a  state  of  mixture.  It  has  been 
foimd,  that  an  atmosphere,  consisting  of  oxygen  gas  and 
carbonic  acid,  is  fatal  to  animals,  though  it  should  contain 
a  larger  proportion  of  oxygen  than  the  air  we  commonly 
breathe. 

(/)  Carbonic  acid  retards  the  putrcfactio?i  of  animal 
substances. — ^This  may  be  proved,  by  suspending  two 
equal  pieces  of  flesh  meat,  the  one  in  common  air,  the 
other  in  carbonic  acid  gas,  or  in  a  vessel  through  which 
a  stream  of  carbonic  acid  is  constantly  passing.  The  lattey 
will  be  })resen  ed  untainted  some  time  after  the  other  has 
began  to  putrefy. 
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[ff))  Carbonic  acid  gas  e.verts  poiverful  cheers  on 
iivhig  vegetables. — ^l^hese  effects,  however,  vary  accord- 
ing to  the  mode  of  its  application. 

Water,  saturated  witii  this  gas,  proves  highly  nutritive, 
ivhen  applied  to  the  roots  of  plants.  The  carbonic  acid  is 
decomposed,  its  carbon  forming  a  component  part  of  the 
vegetable,  and  its  oxygen  being  liberated  in  a  gaseous 
form. 

On  the  contrary,  carbonic  acid,  applied  as  an  atmo- 
sphere, by  confining  a  living  vegetable  in  the  undiluted 
gas  over  water,  is  injurious  to  the  health  of  the  plant, 
especially  in  the  shade.  M.  Saussure,  Jmi.  found,  that  a 
proportion  of  carbonic  acid  in  common  air,  greater  than 
one  eighth,  is  always  injurious  to  vegetation ;  but  that  in 
this  proportion  it  promotes  the  growth  of  plants,  and  is 
manifestly  decomposed. 

Carbonic  acid  is  susceptible  of  combination  with  alkalis, 
earths,  and  metals,  and  forms  an  order  of  compounds, 
termed  carbonates.  At  present,  however,  we  shall  only 
attend  to  the  results  of  its  union  with  alkalis,  and  earths. 
In  the  compounds  of  carbonic  acid  with  these  base?,  and 
especially  with  the  alkalis,  the  qualities  of  the  base  still  pre- 
dominate. The  alkaline  carbonates,  for  exanii)le,  retain 
the  taste,  though  in  a  less  degiee,  which  characterizes  their 
bases  ;  and  change  blue  vegetable  colours  to  green.  Am- 
monia, also,  preserves  in  a  great  measure  its  odour  and 
volatility.  By  combination  with  the  earths,  liowever,  car- 
b<3nic  acid  produces  a  more  perfect  neutrali/ation  of  their 
properties. 
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SECTION  IV. 
Carbonates. 

Art.  1. — Snh-rarhonate,  and  Carbonate  of  Pot  ask, 

(a)  Carbmiic  acid  gas  is  very  abundantly  absorbed  by 
a  solution  of  pure  2iotash. — The  simplest  mode  of  showing 
tliis  fact  is  the  following :  Fill  a  common  phial  with  car- 
bonic acid  gas  over  water ;  and,  when  full,  stop  it  by  ap- 
plying the  thumb.  Then  invert  the  bottle  in  a  solution 
of  pure  potash,  contained  in  a  cup,  and  rather  exceeding 
in  quantity  what  is  sufficient  to  fill  the  bottle.  The  solu- 
tion will  rise  into  the  bottle,  and,  if  the  gas  be  pure,  will 
fill  it  entirely.  Pour  out  the  alkaline  liquor,  fill  the  bottle 
with  water,  and  again  displace  it  by  the  gas.  Proceed  as 
before,  and  repeat  the  process  several  times.  It  will  be 
found,  that  the  solution  will  condense  many  times  its 
bulk  of  the  gas;  whereas  water  combines  only  with  its 
own  volume. 

This  experiment  may  be  made,  in  a  much  more  striking 
manner,  over  mercury,  by  passing  into  a  jar,  about  three 
fourths  filled  with  this  gas,  a  comparatively  small  bulk  of 
a  solution  of  pure  potash,  which  will  condense  the  whole 
of  the  gas.  If  dry  potash  be  substituted  in  this  experi- 
?nent,  no  change  will  ensue  ;  which  proves,  that  solution 
is  essential  to  the  action  of  alkalis  on  this  gas. 

(/»)  The  changes  effected  in  the  alkali  may  next  be 
ipsarnined. — It  will  lie  found,  after  having  absorbed  as 
much  carbonic  acid  as  it  is  capable  of  condensing,  to  have 
lost  much  of  its  corrosive  and  penetrating  taste,  and  will  no 
longer  destroy  the  texture  of  woollen  cloth  ;  but  it  .^till 
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turns  to  green  the  blue  infusion  of  vegetables.  Before 
its  absoi-ption  of  this  gas,  no  remarkable  change  ensued 
on  mixing  it  with  diluted  sulphuric  acid ;  but  if  this,  or 
almost  any  other  acid,  be  now  added,  a  violent  effer- 
vescence will  enstie,  arising  from  the  escape  of  the  gas  that 
had  been  previously  absorbed.  If  the  mixture  be  made  in 
a  gas  bottle,  the  gas,  that  is  evolved,  may  be  collected, 
and  will  be  found  to  exhibit  every  character  of  carbonic 
acid. 

For  experimental  purposes,  sub-carbonate  of  potash  may 
be  obtained  from  crystals  of  tartar  (acidulous  tartrate  of 
potash)  calcined  in  a  crucible;  then  lixiviated  with  water; 
and  evaporated  to  dryness.  By  this  Treatment,  the  salt 
yields  about  one  third  its  weight  of  sub-carbonate.  Or  it 
may  be  mixed  with  about  an  eighth  of  purined  nitrate  of 
potash,  and  wrapped  up  in  paper  in  the  form  of  cones, 
which  may  be  placed  on  an  iron  dish,  and  set  on  fire. 
The  residuary  mass  is  to  be  lixiviated,  and  evaporated  as 
before  directed.  Or  purified  nitrate  of  potash  may  be 
mixed  witli  a  fourth  of  its  weiglit  of  powdered  charcoal, 
and  projected  into  a  red-hot  crucible,  the  contents  of  which 
are  to  be  poured,  when  in  fusion,  into  an  iron  dish.  The 
sub-carbonate>  thus  obtained,  amounts  to  rather  less  than 
one  half  the  nitre  which  has  been  employed.  Even  when 
thus  prepared,  it  is  apt  to  contain  some  impurities,  con- 
sisting chiefly  of  a  minute  proportion  of  sulphate  and  mu- 
riate of  potash,  from  which  it  is  extremely  difficult  en- 
tirely to  free  it. 

(r)  In  this  state  of  sub-saturation  with  carbonic  acid, 
potash  generally  occurs  in  the  arts.  The  potash  and  pearl- 
ash  of  commerce,  are  suh-carhonates  of  potash,  of  differ- 
ent degrees  of  purity.  The  quantity  of  carbonic  acid, 
contained  in  these  alkalis,  may  be  lear-ned  by  a  very  slm- 


1 


331 


CARBONATES. 


CHAP.  Xf' 


pie  experiment.  Put  one  or  two  hundred  grains  of  the 
alkali  into  a  Florence  flask^  and  add  a  few  ounce-measures-- 
of  water.  '1  akc  also  a  pliial  filled  with  dilute  sulpliuric 
acid,  and  place  this,  as  well  as  the  flask,  in  one  scale.  Ba- 
lance the  two,  by  putting  weights  Into  the  opposite  scale 
and,  wlien  the  equilibrium  is  attained,  pour  gradually 
the  acid  into  the  flask  of  alkali,  till  an  effervescence  no 
longer  ensues.  When  this  has  ceased,  tlie  scale  contain- 
ing the  weights  will  be  found  to  preponderate.  This 
shows  that  the  alkali,  by  combination  with  an  acid,  loses 
considerably  of  its  weight ;  and  the  exact  amount  of  the 
loss  may  be  ascertained,  by  adding  weig-hts  to  the  scale 
containing  the  flask  and  phial,  till  the  balance  is  restored. 

(d)  As  it  is  sometimes  of  importance  to  know  what  pro- 
portion of  real  alkali  a  given  weight  of  potash  or  pearlash 
contains,  it  may  be  proper  to  point  out  how  this  informa- 
tion may  he  acquired.  The  strength  of  the  alkali  is  in  pro- 
portion to  the  quantity  of  any  acid  required  to  saturate  it. 
Thus,  if  an  ounce  of  one  kind  of  potash  requires,  for  satu- 
ration, a  given  quantity  of  sulphuric  acid,  and  an  ounce  of 
another  kind  requires  twice  that  quantity,  the  latter  is 
twice  as  strong  as  the  former.    In  order,  however,  to  ob- 
tiiin  a  sufiiciently  accurate  standard  of  comparison,  it  will 
be  necessary  to  employ,  constantly,  an  acid  of  the  same 
strength.    This  may  be  etfected,  though  not  with  absolute 
imiformit)',  yet  sufficient  for  ordinary  purposes,  by  diluting 
the  common  oil  of  vitriol  of  commerce  to  the  same  degree. 
For  example,  let  the  standard  acid  consist  of  one  part  of 
sulphuric  acid  and  fiive  of  water.    The  strength  of  an  al- 
kali will  be  learned,  by  observing  what  quantity  of  this 
acid  a  given  quantity  of  alkali  requires  for  saturation.  For 
this  purpose,  put  half  an  ounce  of  the  alkali,  or  any  other 
definite  weight,  into  a  jar  with  a  few  ounces  of  water,  and 
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filter  the  solution  ;  weigh  the  dilute  acid  employed,  before 
adding  it  to  the  alkali ;  then  pour  it  in  gradually,  till  the 
<?tfervescence  ceases,  and  till  the  colour  of  litmus  paper, 
which  has  been  reddened  with  vinegar,  ceases  to  be  re- 
stored to  blue.  When  this  happens,  the  point  of  satura- 
tion will  be  attained.  Weigh  the  bottle,  to  ascertain  how 
much  acid  has  been  addedj  and  the  loss  of  weight  will  in- 
dicate the  strength  of  the  alkali.  Another  less  accurate 
mode  of  determining  the  strength  is  fojinded  on  tlie  follow- 
ing property  of  carbonate  of  potash. 

(e)  Suh-carhomtte  of  potash  dissolves  veiy  readilii  in 
icatei',  ivhich,  at  the  ordifHn'y  tonperaturc,  takes  up 
more  than  its  own  weight. — Hence,  when  an  alkali, 
which  should  consist  almost  entirely  of  sub-carbonate  of 
potash,  is  adulterated,  as  very  often  happens,  with  s»ib- 
stances  of  little  solubility,  the  fraud  may  be  detected  by 
trying  how  much  of  one  ounce  will  dissolve  in  two  or  three 
ounce-measures  of  water.  In  this  w£;y  1  have  detected  an 
adulteration  of  one  third.  There  are  certain  suljstances  of 
ready  solubility,  however,  which  may  be  used  in  adul- 
terating ashes,  as  common  salt  for  example ;  and,  when 
this  is  done,  we  must  have  recourse  to  the  above-men- 
tioned test  for  the  means  of  discovery. 

(f)  Sub-carbonate  of  potash,  when  exposed  to  the  at- 
mosphere, attracts  so  much  moisture,  as  to  pass  to  a  liquid 
state.    This  change  is  termed  deliquescence. 

{g)  When  submitted,  in  a  ciTJcible,  to  a  high  tempera  - 
ture, a  part  only  of  Its  carbonic  acid  is  expelled.  The  al- 
kali runs  into  fusion,  and  the  fused  mass  still  effervesces 
on  the  addition  of  an  acid. 

Carbonate  of  Potash. 
Carbonate  of  potash,  in  the  states  which  have  been  al- 
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ready  described,  is  far  from  being  completely  saturated  with 
acid.  This  sufficiently  appears  from  its  strongly  alkaline 
taste.  It  may  be  much  more  highly  charged  with  car- 
bonic acid,  by  exposing  a  solution  of  one  part  of  the  sub- 
carbonate  in  ihree  of  water  to  sticams  of  carbonic  acid  gas, 
in  a  Nooth's  machine,  or  other  apparatus  ;  or  by  the  pro- 
cess to  be  described  in  art.  3,  g.  When  a  solution  of 
alkali,  after  this  treatment,  is  very  slowly  evaporated,  it 
forms  regular  crystals.  In  this  state  the  alkali  constitutes 
the  ciystallized  carbonate  of  potash,  which  contains  per 
cent.,  according  to  PcUetier,  40  parts  of  potash,  43  of  acid, 
and  17  of  water.  It  has,  therefore,  a  mucii  larger  propor- 
tion of  water  and  of  acid  than  the  common  sub-carbonate, 
100  parts  of  which  are  composed  of  70  pai  ts  of  alkali,  23 
of  acid,  and  5  of  water.  According  to  Dr.  Wollaston  (Phi- 
losophical Transactions,  1808)  the  quantity  of  acid  in  the 
carbonate  is  exactly  double  that  in  the  sub-carbonate. 
This  he  proves  by  disengaging  the  carbonic  acid,  from 
each,  by  a  stronger  acid,  such  as  the  sulphuric.  One  part 
of  the  carbonate,  thus  treated,  is  found  to  give  twice  as 
much  carbonic  acid  as  the  sub-salt. 

In  these  conclusions  of  Dr.  Wollaston,  BcrthoUet  for  the 
most  part  coincides.  {Menioires  d'Arcueil,  ii.  470.)  Ac- 
cording to  the  proportions  which  he  has  given,  500  giains 
of  crystallized  carbonate  of  potash  are  deprived,  by  the  ac- 
tion of  dilute  sulphuric  acid,  of  189  grains  of  carbonic 
acid.  But  1000  grains  of  the  same  s<ilt,  reduced  to  sub- 
carbonate,  by  calcination  in  a  heat  below  redness,  lose,  on 
adding  sulphuric  acid,  as  nearly  as  possible,  the  same  quan- 
tity, viz.  190  grains.  Between  these  two  extremes,  how- 
ever, Berthollet  contends  that  there  exist  carbonates  witK 
intermediate  proportions,  which  are  susceptible  of  crystal- 
lization. 
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The  CARBONATE  OF  POTASH  diftcrs  from  the  sub-carbo- 
nate in  tlie  following  particulars. 

1.  In  the  greater  mildness  of  its  taste.  Though  still  al- 
kaline, yet  it  may  be  applied  to  the  tongue,  or  taken  into 
the  stouiacli,  without  exciting  any  of  that  burning  sensa- 
tion, which  is  occasioned  by  the  sub-carbonate. 

2.  It  is  unchanged  by  exposure  to  the  atmosphere. 

3.  It  assumes  the  shape  of  regidar  ciystals.  The  form 
of  these  ciystals  is  a  four-sided  prism,  with  dihedral  trian- 
gular summits,  the  facets  of  which  correspond  with  the 
solid  angles  of  the  prism. 

4.  It  requires,  for  solution,  four  times  its  weight  of  water 
at  60°;  and,  while  dissolving,  absorbs  caloric.  Boiling 
water  dissolves  five  sixths  of  its  weight;  but,  during  this 
solution,  the  salt  is  partly  decomposed,  as  is  manifested  by 
the  escape  of  carbonic  acid  gas.  The  quantity  thus  sepa- 
rated amounts,  according  to  Berthollet,  to  about  -iVth  the 
weight  of  the  salt. 

5.  By  calcination  in  a  low  red-heat,  the  portion  of  car- 
bonic acid,  which  imparts  to  this  salt  its  characteristic  pro- 
perties, is  expelled,  and  the  salt  returns  to  the  state  of  a 
sub-carbonate. 

(k)  Carbonate  of  potash,  in  all  its  forms,  is  decomposed 
by  the  stronger  acids ;  as  the  sulphuric,  nitric,  and  mu- 
riatic, which  unite  with  the  alkali,  and  set  the  gas  at 
liberty. 

This  may  be  shown  by  pouring,  on  the  carbonate  con- 
tained in  a  gas  bottle,  any  of  the  acids,  and  collecting  the 
gas  by  a  proper  apparatus. 

Art.  2. — Carbo?iate  of  Soda. 
The  combination  of  carbonic  acid  with  soda,  like  tliat  of 
the  same  acid  with  potash,  exists  in  two  very  dliferent  states, 
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viz.  in  t}u)se  of  a  suh-rarbotmfe,  and  of  peifcctly  saturated 
carbonate.  1.  The  substance,  generally  met  with  in  the 
shops,  under  the  name  of  soda,  affords  an  example  of  the 
sub-carbonate.  This  salt  continues  diy  when  exposed  to 
the  atmosphere,  and  even  gives  up  a  part  of  ils  water  of 
crystallization,  the  crystals  losing  their  transparency  and 
something  of  their  weight.  They  have  the  form  of  deca- 
hedrons, which  are  composed  of  two  four-sided  pyramids, 
applied  base  to  base,  and  having  their  apices  tmncated. 
They  frequently,  also,  present  large  transpju-ent  flat  rhojn- 
hoidal  prisms.  Water,  of  the  temperature  of  GO^,  takes  up 
half  its  weight ;  and  boiling  water  rather  more  than  its 
own  weight.  In  100  parts,  this  salt  contains,  according  to 
Bergman,  16  carlionic  acid,  20  soda,  and  64  water. 

The  carbonate  of  soda  may  be  formed  either  by  the  pro- 
cess described  in  the  foregoing  article  //,  or  by  that  which, 
will  be  given  in  the  following  article,  g.  It  is  with  consi- 
derable difficulty  brought  to  crystallize,  and  affords  gene- 
rally a  shapeless  mass.  Its  taste  is  considerably  milder 
than  that  of  the  sub-carbonate  of  soda,  and  even  than  that 
of  neutral  carbonate  of  potash.  In  100  parts,  it  contains, 
according  to  Klaproth,  39  acid,  33  soda,  23  water. 

In  its  relation  to  carbonic  acid,  Berthollet  has  observed 
that  soda  follows,  a  similar  law  to  potash,  the  carbonate 
contaming  twice  the  quantity  of  acid  which  exists  in  th« 
sub-carbonate.  The  former,  however,  retains  its  acid 
more  strongly  tlian  the  similar  salt  with  base  of  potash, 
and  is  less  easily  changed  into  sub-carbonate  by  heat. 
One  hundred  parts  of  soda  are  neutralized  by  1325  car- 
bonic acid  *. 


*  Annales  dc  Chimie,  Ixv.  3 1 8. 
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Art.  3. — Suh-carhonute  and  Carbonate  of  Ammonia. 

Ammonia,  in  its  pure  state,  exists  in  the  form  of  a  gas, 
permanent  over  mercury  only :  and  carbonic  acid  has, 
also,  the  form  of  an  aerial  fluid.  But,  Mhen  these  two 
gases  are  mixed  together  over  mercury  in  proper  propor- 
tions [vh.  one  measure  of  carbonic  acid  to  two  or  three  of 
alkaline  gas),  they  both  quit  the  state  of  gas,  and  are 
entirely  condensed  into  a  w  hite  solid  body.  The  com- 
pound thus  formed,  it  ajjpears  from  the  recent  experiments 
of  Gay  Lussac,  is  the  suh-carhonufe  of  ammonia ;  for  the 
two  gases,  he  finds,  cannot  by  simple  mixture,  be  made  to 
unite  in  tlie  proportions  necessary  to  neutralize  each  other. 
To  eflcct  this,  it  is  necessary  to  expose  a  solution  of  am- 
monia in  water  to  carbonic  acid  gas,  in  which  case  the 
affinity  of  the  water  concurs  in  overcoming  the  elasticity 
of  the  acid  gas. 

Those  persons  who  are  not  possessed  of  a  mercurial 
trough,  may  compose  the  sub-carbonate  of  annnonia,  in 
the  following  manner : — Provide  a  globular  receiver, 
having  two  open  necks  opposite  each  other.  Into  one  of 
these  introduce  the  neck  of  a  retort,  containing  carbonate 
of  lime  and  dilute  sulphuric  acid,  from  which  a  constant 
stream  of  carbonic  acid  will  issue.  The  inner  surface  of 
the  globe  will  remain  perfectly  unclouded.  Into  the  oppo- 
site opening,  let  the  riouth  of  a  retort  be  inti-oduced,  con- 
taining the  materials  for  ammoniacal  gas.  (Chap.  vii. 
sect.  2.)  The  inner  surface  of  the  globe  will  now  be 
covered  with  a  dense  ciust  of  carbonate  of  ammonia 

The  sub-carbonate  of  ammonia  may  also  be  formed,  by 
passing,  into  a  jar  three  fourths  filled  with  carbonic  acid 
over  mercury,  a  solution  of  pure  ammonia,  ^vhich  will 
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instantly  effect  an  absoq)tion  of  the  gas.  Ti)e  ordinary 
mode  of  producing  it  for  useful  purposes  will  be  described, 
hereafter. 

{/)')  Sub-carbonate  of  ammonia  retains,  In  a  considerable 
dcgiee,  the  pungent  smell  of  the  pure  volatile  alkali.  Ifi 
is,  also,  unlike  the  other  sub-carbonates,  volatilized  by  a 
very  moderate  heat,  and  evaporates  without  entering  pre- 
viously into  a  liquid  state.  The  vapour  that  arises  may  be 
again  condensed  in  a  solid  state ;  attbrding  an  example  of 
mbUmation.  This  may  be  shown,  by  applying  heat  to 
the  sub-carbonate  of  ammonia  in  a  retort,  to  which  a  re- 
ceiver is  adapted.  The  sub-carbonate  will  rise,  and  be  con- 
densed in  the  receiver  in  the  form  of  a  white  crust. 

(c)  This  sub-carbonate  does  not  attract  moisture  from 
tlie  air,  but,  on  the  contrary,  loses  weight. 

{(1)  Sub-carbonate  of  ammonia,  like  those  of  potash  and 
soda,  converts  vegetable  blue  colours  to  green,  as  the  pure 
alkalis  do. 

[e]  It  is  soluble  in  rather  less  than  twice  its  weight  of 
cold  water,  or  in  an  equal  weight  of  boiling  water.  At 
the  latter  temperature,  however,  it  is  partly  decomposed, 
and  a  violent  effervescence  ensues. 

(f)  In  composition  it  varies  considerably,  according  to 
the  temperature  in  which  it  has  been  formed.  Thus,  sub- 
carbonate  of  ammonia,  which  has  been  produced  in  a 
temperature  of  300°  Fahrenheit,  contains  50  per  cmt.  of 
alkali;  while  carbonate  formed  at  G0°  contains  only 
V'O  jicr  cent.  }5y  Gay  Lussac  {Memoires  tVArcueil,  ii.  214), 
the  sub-carbonate  of  ammonia  is  said  to  consist  of 

Ammonia  .  •43.!)S 
Carbonic  acid  5G.02 
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(g)  It  is  decomposed  by  ptire  potash  and  pure  soda ; 
and  by  tlic  sub- carbonates  of  those  alkalis,  which  attract 
its  carbonic  acid,  and  expel  tlie  alkali.  Hence  it  has  been 
recommended,  by  Berihollet,  to  employ  this  salt  for  the 
full  saturation  of  potash  witii  carbonic  acid,  which  may  be 
accom|)lished  l)y  the  following  process. 

To  a  filtered  solution  of  four  pounds  of  jieailash  in  four 
quarts  of  water,  add  one  pound  of  carbonate  of  ammonia, 
reduced  to  powder ;  and  stir  the  mixture  at  inteiTals,  till 
the  carbonate  of  ammonia  is  entirely  dissolved.  Filter  the 
liquor,  and  put  it  into  a  retort,  which  may  be  set  in  a 
sand-bath,  and  be  connected  with  a  receiver.  A  very 
gentle  heat  is  to  be  applied ;  so  as  to  distil  off  abont  half  a 
pint  of  the  liquor,  which  will  consist  of  a  solution  of  car- 
bonate of  ammonia  in  water.  The  liquor  in  the  retort 
may  either  be  allowed  to  cool  in  it,  or  be  transferred  into 
.a  flat  evaporating  dish  of  Wedgwood's  ware.  When  cold, 
crystals  of  the  carbonate  of  potash  will  probably  be  formed ; 
otherwise  another  portion  must  be  distilled  off,  and  this 
must  be  repeated  till  the  crystals  appear ;  separate  the  first 
crystals  that  are  formed ;  and,  on  repeating  the  distillation 
and  cooling,  fresh  sets  will  appear  in  succession.  A  con- 
fidcrablc  portion  of  the  solution,  however,  will  refuse  to 
crystallize.  This  may  be  boiled  to  dryness,  and  applied  to 
the  purposes  of  sub-carbonate  of  potash.  The  crystals  of 
carbonate  of  potash  may  be  washed  with  a  small  quantity 
of  cold  water,  and  dried  on  blotting  paper ;  or,  if  they  are 
required  of  great  purity,  they  may  be  dissolved  in  cold 
water,  and  re-crystallized,  using  the  gentlest  heat  jxissible 
in  (ivaporating  the  solution. 

The  NKUTRAL  CARBONATE  OF  AMMONIA  WUS  formed 

by  Berthollet,  by  impregnating  a  soluti(.Mi  of  sub-i  aibonate 
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with  carl)onic  acid  gas.    According  to  his  experiment?,  it 
is  composed  of 

28.19  ammonia, 
7 1.81  carbonic  acid. 

100 

From  the  known  specific  gravity  of  those  two  bodies, 
Gay  Lussac  has  calculated  that  the  neutral  carbonate  con- 
sists of  exactly  equal  quantities  by  measure  of  tlic  two 
gases. 

Art.  4. —  Carhonate  of  Barytca. 

I.  Pure  barytcs  has  a  very  powerful  affinity  for  carbonic 
acid. 

1.  Let  a  solution  of  pure  barytes  be  exposed  to  the  at- 
mosphere. It  will  soon  be  covered  with  a  thin  whhe 
pellicle;  which, , when  broken,  will  fall  to  the  bottom  of 
the  vessel,  and  be  succeeded  by  another.  This  may  be 
continued,  till  the  whole  of  the  barytes  is  separated.  The 
effect  arises  from  the  absorption  of  carbonic  acid,  whicii 
is  always  diffused  through  tlie  atmosphere,  and  whic'h 
forms  witli  barytes  a  substance,  viz.  carbonate  of  bar\'tes, 
much  less  soluble  than  the  pure  earth. 

2.  Blow  the  air  from  the  lungs,  by  means  of  a  quill,  a 
tobacco  pipe,  or  glass  tube,  through  a  solution  of  bar}-tcs. 
The  solution  will  immediately  become  milky,  for  the  same 
reason  as  before. 

3.  With  a  solution  of  pure  barytes,  mingle  a  little  water, 
impregnated  with  carbonic  acid.  An  immediate  preci- 
pitation of  carbonate  of  barytes  will  ensue. 

4.  Barytcs  has  so  strong  an  affinity  for  carbonic  acid,  as 
even  to  take  it  from  other  bodies.    To  a  solution  of  a 
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small  portion  of  carbonate  of  potash,  of  soda,  or  of  am- 
monia, add  the  solution  of  ban  tes.  The  barytes  will  sepa- 
rate the  carbonic  acid  from  the  alkali,  and  will  fall  down 
in  the  state  of  a  carbonate.  By  adding  a  sufficient  quantity 
of  a  solution  of  barytes  in  hot  water,  the  whole  of  the 
carbonic  acid  may  thus  be  taken  from  a  carbonated  alkali ; 
nnd  the  alkali  will  remain  perfectly  pure. 

II. —  1.  .Carbonate  of  barytes  is  nearly  insoluble  in 
water,  which,  at  G0°,  does  not  take  up  more  than  nr-rVT 
part,  or,  when  boiling,  about  Wr^-  Water  impregnated 
with  carbonic  acid  dissolves  a  considerably  larger  pro- 
portion. 

2.  Carbonate  of  barytes  is  perfectly  tasteless,  and  docs 
not  alter  vegetable  blue  colours.  It  acts  as  a  violent 
poison. 

3.  The  combination  of  carbonic  acid  w  ith  barytes  may 
.eitlicr  be  formed  artificially,  as  in  the  manner  already  de- 
scribed, and  by  other  processes,  to  be  detailed  in  the  sequel, 
in  which  case  it  is  termed,  the  artificial  varhonate:  or  it 
may  be  procured,  ready  formed,  from  the  earth,  and  is 
then  called  the  native  carhonute.  It  is  not,  however,  a 
very  common  production  of  nature.  The  largest  quantity, 
hitherto  discovered,  is  in  a  mine,  now  jio  longer  worked, 
at  Anglezark,  near  Chorley,  in  Lancashire. 

4.  The  native  and  artificial  carbonates  differ  in  the  pro- 
portion of  their  components.  The  former  contains,  in  100 
parts,  20  acid  and  vSO  barytes.  The  artificial,  according 
to  Pelletier,  consists  of  22  acid,  G2  earth,  and  16"  water. 
Strictly  speaking  they  arc  both  sub-carbonates ;  but  as  we 
are  unacquainted  with  any  other  compound  of  barytes  and 
carbonic  acid,  they  may  be  allowed  to  retain  the  accustomed 
name  of  carbonate.    The  latest  analysis  of  this  compound 
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by  Mr.  Aikin  and  Mr.  James  Thomson*,  fix  its  composi- 
tion as  follows  : 

Carh.  acid.  Barytcs. 
From  Mr.  Alkin's  experiments    .     21.67  7S'3'^ 
  Mr.  Thomson's    ....     21.75  78-25 

5.  Carbonate  of  barytes  is  decomposed  by  an  intense 
heat ;  its  carbonic  acid  being  expelled ;  and  the  barytes 
remaining  pure.  The  artificial  carbonate  is  most  readily 
decomposed ;  but  the  native  one  is  generally  employed  for 
obtaining  pure  barytcs,  because  it  may  be  had  in  con- 
siderable quantity.  The  process,  which  I  have  found  to 
answer  best,  is  nearly  that  of  PcUetier.  Let  the  native 
carbonate  be  powdered,  and  passed  through  a  fine  sieve. 
Work  it  up  with  about  an  equal  bulk  of  wheaten  flour  into 
a  ball,  adding  a  sufficient  quantity  of  water.  Fill  a 
crucible  of  proper  size,  about  one  third  its  lieight,  with 
powdered  charcoal ;  place  the  ball  on  this ;  and  surround 
and  cover  it  with  the  same  powder,  so  as  to  prevent  its 
coming  into  contact  with  the  sides  of  the  crucible.  Lute 
on  a  cover;  and  expose  it,  for  two  hours,  to  the  most 
violent  heat  that  can  be  raised  in  a  wind  furnace.  I^t  the 
ball  be  removed  when  cold.  On  the  addition  of  water,  it 
will  evolve  great  heat,  as  already  described  (chap,  viii.), 
and  the  barytes  will  be  dissolved.    The  filtered  solution, 

'  on  cooling,  will  shoot  into  beautiful  ciystals. 

6.  Carbonate  of  barytes  is  decomposed  by  the  sulphuric, 
nitric,  muriatic,  and  various  other  acids,  which  detach  the 
carbonic  acid,  and  combine  with  the  earth. 


*  Is'icholson's  Journal,  xxii.  xxiii. 
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Art.  5. — Carbonate  of  Strontites. 

The  relation  of  strontites  to  carbonic  acid  resembles, 
very  closely,  that  of  barytcs ;  and  all  the  experiments, 
directed  to  be  made  with  the  solution  of  the  latter  earth, 
may  be  repeated  with  that  of  strontites,  which  will  exhibit 
similar  appearances. 

The  carbonate  of  strontites  requires  for  solution  153G 
parts  of  boiling  water.  It  is  found  native  at  Strontian  in 
Argyleshire  ;  and  may,  also,  be  prepared  by  artificial  pro- 
cesses, which  will  be  afterwards  described.  From  this 
carbonate  pure  strontites  may  be  prepared,  by  treating  it 
in  the  same  manner  as  was  directed  for  the  calcination  of 
carbonate  of  barytes. 

Art.  6. — Carbonate  of  Lime. 

1.  Lime  has  a  strong  attraction  for  carbonic  acklj  but 
not  when  perfectly  dry. 

(a)  If  a  piece  of  diy  quicklime  be  passed  into  a  jar  of 
cai'bonic  acid  gas  over  mercury,  no  absorption  ensues. 
But  invert  a  bottle,  filled  with  carbonic  acid  gas,  over  a 
mixture  of  lime  and  water  of  the  consistence  of  cream, 
and  a  rapid  absorption  will  be  observed,  especially  if  the 
bottle  be  agitated. 

(h)  Let  a  jar  /^r  bottle,  filled  with  carbonic  acid,  be 
brought  over  a  vessel  of  lime  water.  On  agitating  the 
vessel,  a  rapid  diminution  will  ensue,  ^nd  the  lime  water 
will  become  milky. 

(<■•)  Leave  a  shallow  vessel  of  lime  water  exposed  to  the 
tiir.    A  white  crust  will  form  on  the  surface,  and  this,  if 
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broken,  will  fall  to  tlie  l)Ottom,  and  be  succeeded  by 
another.  This  Is  owing  to  the  absorption  of  carbonic  acid 
gas  from  the  air  by  the  lime,  which  is  thus  rendered  in- 
soluble in  water. 

{(I)  Lime,  when  exposed  to  the  atmosphere,  first  ac- 
quires moisture,  and  then  carbonic  acid;  and,  in  a  suffi- 
cient space  of  time,  all  the  characters  distinguishing  it  as 
lime  disappear. 

(e)  Lime  has  an  extremely  strong  afiniity  for  carbonic 
acid,  whicii  enables  it  to  take  this  acid  from  other  sub- 
stances. Thus  carbonates  of  alkalis  are  decomposed  by 
lime.  Slake  a  given  quantity  of  lime  into  a  paste  with 
water,  and  add  half  its  weight  of  carbonate  of  potash  or 
3oda.  Boil  the  mixture,  for  half  an  hour,  in  an  iron 
kettle,  and  separate  the  liquid  part  by  filtration  or  by  sub- 
sidence. The  carbonic  acid  combines  with  the  lime,  and 
the  alkali  is  obtained  in  a  state  of  solution  perfectly  free 
from  carbonic  acid.  This  is  the  ordinary  mode  of  depriv- 
ing the  alkalis  of  carbonic  acid. 

(f)  Lime,  when  saturated  with  carbonic  acid,  must  ne- 
cessarily form  carlionate  of  lime.  VVe  are  unacquainted, 
however,  witli  this  salt,  and  it  is  chiefly  by  a  process  of 
reasoning  that  Berthollet  has  shown  it  must  consist  of  100 
parts  of  lime  muted  to  150.6  carbonic  acid:  whereas  in 
the  sub-carbonate  100  parts  of  lime  are  combined  with 
only  half  that  quantity.  [Memoires  (rArnieily  ii.  478.) 
Of  this,  common  chalk  may  be  taken  as  a  fair  sample ; 
and" in  all  sub-carbonates  of  this  earth,  ve  find  the  diarao- 
ters  of  insipidity  and  insolubility  in  water.  Calcareous! 
spar,  marble,  stalactiiesj  lime-stone,  and  chalk,  are  all 
varieties  of  sub-carbonate  of  Ihne. 

{g)  Carbonate  of  lime  is  decomposed  by  a  strong  heat. 
If  difitilled  in  an  earthen  retort,  carbonic  acid  gtvs  is  ob- 
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tained,  and  lime  remains  hi  the  retort  in  a  pure  or  caustic 
state.    By  this  process  it  loses  about  45  per  cent. 

Tiie  very  curious  and  important  experiments  of  Sir 
James  Hall  have  proved,  that  when  the  escape  of  the 
carbonic  acid  is  prevented  by  strong  pressure,  carbonate 
of  lime  is  fusible  in  a  heat  of  about  22°  of  Wedgwood's 
pyrometer.  (Nicholson's  Journal,  xiii.  xiv.)  And  Mr, 
Bucholz  has  lately  fused  this  substance,  by  tlie  sudden  ap- 
plication of  a  violent  heat,  without  additional  compression. 
(Nicholson's  Journal,  xvii.  229.) 

(//)  Carbonate  of  lime  is  decomposed  by  the  stronger 
acids.  Put  so!ne  chalk  into  a  gas  bottle,  and  pour  on 
it  diluted  sulphuric  acid.  The  sulphuric  acid  will  unite 
with  the  lime,  and  the  carbonic  acid  will  be  set  at  liberty. 

By  a  comparison  of  this  experiment  with  the  preceding 
one  {g)y  we  may  learn  the  proportion  of  cai'bonic  acid  and 
water  contained  in  any  caibonate  of  lime.  Let  100  grains 
of  the  carbonate  be  put  into  a  Florence  flask,  with  an  ounce 
or  two  of  water;  place  this  in  the  scale  of  a  balance ;  and 
in  the  same  scale,  but  in  a  separate  bottle,  about  half  an 
ounce  of  muriatic  acid.  Add  the  muriatic  acid  to  the  car- 
bonate as  long  as  any  crtervescence  is  produced,  and  then 
blow  out  the  disengaged  carbonic  acid,  which  remains  in 
the  flask,  by  a  pcur  of  bellows.  Ascertain,  by  adding 
weights  to  the  opposite  scale,  how  much  has  been  lost; 
suppose  it  to  be  forty  grains ;  this  shows  the  quantity  of 
carbonic  acid  disengaged.  Calcine  another  100  grains  in 
a  covered  crucible.  It  will  lose  still  more  of  its  weight; 
because,  besides  its  carbonic  acid,  all  the  water  is  expelled 
which  it  may  contain.  Let  this  loss  be  stated  at  45  grains ; 
the  former  loss  deducted  from  this  (45-40),  or  5  grains, 
shows  the  quantity  of  water  in  100  of  the  carbonate. 
(?)  Carbonate  of  lime,  though  scarcely  dissolved  by  piu'c 
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water,  is  solul)le  in  water  saturated  with  carbonic  acid. 
The  most  striking  method  of  showing  this  is  the  following : 
Add  to  a  jar,  about  one  fourth  filled  with  lime  water,  a 
very  small  quantity  of  water  saturated  with  carbonic  acid. 
An  immediate  milkiness  will  ensue,  because  the  carbonic 
acid  forms  with  the  lime  an  iiisoluble  carbonate.  Add 
gradually  more  of  the  water,  impregnated  with  carbonic 
acid,  shaking  the  jar  as  these  additions  are  made.  At 
last  the  precipitate  is  re-dissolved.  Hence  it  appears  that 
lime,  with  a  certain  proportion  of  carbonic  acid,  is  in- 
soluble, and,  with  a  still  larger,  again  becomes  soluble  in 
water. 

{k)  The  carbonate  of  lime,  dissolved  by  an  excess  of 
carbonic  acid  (i),  is  again  separated,  when  this  excess  is 
driven  off.  Thus  boiling,  wliich  expels  the  superabundant 
acid,  precipitates  the  carbonate.  Caustic,  or  pure  alkalis, 
also  produce  a  similar  effect. 

Art.  /  • — Carhonate  of  MagJiesia. 

I.  Pure  magnesia  does  not  attract  carbonic  acid  with 
nearly  the  same  intensity  as  lime.  Hence  magnesia  may 
be  exposed,  for  a  long  time,  to  the  air,  without  any  im- 
portant change  in  its  properties,  or  nmch  increase  of 
weight.  The  carbonate  of  magnesia,  used  in  medicine, 
and  for  experimental  puq^oses,  is  prepared  by  a  process 
to  be  described  in  the  sequel.  In  this  state,  however,  it  is 
not  entirely  saturated  with  carbonic  acid,  and  is  rather  a 
sub-caibonate. 

II.  llie  saturated  carbonate  may  be  obtained,  by  passing 
streams  of  carbonic  acid  gas  through  water,  in  which  the 
sub-carbonate  is  kept  mechanically  suspended.  The  solu- 
tion yields,  when  evaporated,  small  crystals,  which  arc 
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transparent  hexagonal  prisms,  terminated  by  hexagonal 
planes.  These  crystals  have  no  taste,  and  are  solnble  in 
■4S  parts  of  cold  water;  whereas  the  sub-carbonate  requires 
at  least  ten  times  that  quantity.  Tlie  crystallized  carbo- 
nate contains  per  cent.  50  aeid,  25  cartli,  and  25  water; 
the  sub-caibonate  34  acid,  45  earth,  and  21  water. 

III.  The  carbonate  of  magnesia  is  decomposed  by  the 
same  agents  as  the  carbonate  of  lime.  It  yields  its  car- 
bonic acid,  however,  in  a  much  more  moderate  heat. 

IV.  Lime  has  a  stronger  affinity  than  magnesia  for  car- 
bonic acid.  Hence,  if  lime  water  be  digested  with  car- 
bonate of  mcignesia,  the  lime  is  precipitated  in  the  state  of 
an  insoluble  carbonate. 

Art.  8. — Carbonate  of  Gluclne. 

Glucine  appears  to  liave  a  considerable  affinity  for 
carbonic  acid ;  for,  when  precipitated  from  acids  by  pure 
alkali?,  and  dried  in  the  air,  it  becomes  effervescent.  The 
carbonate  of  glucine  is  white,  insipid,  insoluble,  and  very 
light.  It  contains  about  one  fourth  its  weight  of  carbonic 
acid,  which  it  loses  by  exposure  to  a  low  red-heat. 

The  carbonate  of  silex  does  not  exist,  and  those  of  zir- 
con, aluminc,  and  yttria,  have  no  peculiarly  interesting, 
properties. 


SECTION  V. 

Gaseous  Oxide  of  Carbon,  or  Carhonous  Oxide. 

This  combination  of  carbon  whli  oxygen  contains  a 
less  proportion  of  oxygen  than  is  found  in  eaibonic  acid. 
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Its  discoveiy  was  announced  in  Nicholson's  Journal,  for 
April,  1801,  by  Mr.  Cruicicsliank,  and  in  the  3Stli  volume 
of  the  Annales  de  C/iimie,  by  Clen^ent  and  Desormes, 
whose  experiments  are  continued  in  the  39th  volume, 
page  26.  Tlie  ])utch  clK>mists,  however,  in  volume  43, 
object  to  its  being  considered  as  a  distinct  gas,  and  regard 
it  nierely  as  a  carburet  of  hydrogen.  But  their  objec- 
tions do  not  appear  sufficiently  strong  to  prevent  the  ac- 
knowledgement of  the  gaseous  oxide  as  a  new  and  peculiar 
species. 

It  mav  be  prociu'ed  by  any  of  the  following  processes : 

1 .  By  the  distillation  of  the  white  oxide  of  zinc  with  one 
eighth  its  weight  of  charcoal,  in  an  earthen  or  glass  retort ; 
from  the  scales  which  fly  from  iron  in  forging,  mixed  witli 
a  similar  proportion  of  charcoal ;  from  tlie  oxides  of  lead, 
manganese,  or,  indeed,  of  almost  every  imperfect  metal, 
when  heated  in  contact  with  powdered  charcoal.  It  may 
also  be  obtained  from  the  substance  M'hich  remains  after 
preparing  acetic  acid  from  acetate  of  copper. 

2.  From  well  dried  carbonate  of  burytes  or  of  lime 
(common  chalk),  distilled  with  about  one  fifth  of  charcoal ; 
or  with  rather  a  larger  proportion  of  dry  iron  or  zinc 
fdings,  winch  afford  it  quite  free  from  hydrogen. 

3.  By  transmitting  carbonic  acid  gas  over  charcoal 
ignited  in  a  porcelain  tube.  The  acid  gas  coni bines  with 
an  additional  dose  of  charcoal ;  loses  its  acid  properties ; 
and  is  converted  into  the  carbonous  oxide.  An  ingenious 
apparatus,  contrived  by  M.  Baruel,  and  extremely  use- 
ful for  this  and  similar  puqjoses^  is  described,  and  re- 
presented by  a  plate,  in  the  1 1th  volume  of  Nicholson's 
Journal. 

The  last  product  of  the  distillation  is  the  purest,  but 
still  contains  carbonic  acid,  which  must  be  separated  by 
washing  the  gas  with  lime  liquor. 
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Its  properties  are  as  follow : 

•(«)  It  has  an  olVensive  smell. 

It  is  lighter  than  coninion  air,  in  the  proportion 
of  9G6  to  1000.  One  hundred  cn!)ica1  inches  weigh  'M) 
grains,  the  temperature  being  55°  Fahrenheit,  and  pressure 
20.5  (Cruickshank)  ;  or  at  temperature  GO*^,  and  baro- 
meter 30°,  100  cubic  inches  weigh  30,19  giains.  Its 
specific  gravity  from  calculation,  according  to  Gay  Lussac, 
Is  .96781'. 

{(•)  It  is  inflammable,  and,  when  set  lire  to,  as  it  issues 
from  the  orifice  of  a  small  pipe,  burns  with  a  blue  flame. 
When  mixed  with  common  air,  it  does  not  ex[)lode  like 
other  inflammable  gases,  but  burns  silently  with  a  lam- 
bent blue  flame.    It  detonates,  however,  with  oxygen  gas, 

{(i)  VVlien  a  stream  of  tliis  g-as  Is  burnt,  in  the  manner 
described  in  speaking  of  hydrogen  g;u^,  no  water  is  con- 
densed on  the  inner  surface  of  the  glass  globe,  a  proof 
that  the  gaseous  oxide  contains  no  hydrogen,  BerthoUeti 
indeed,  still  contends,  in  opposition  to  most  chemists  (and 
among  others  to  Gay  Lussac)  that  hydrogen  is  one  of  the 
elements  of  this  gas. 

(r)  It  is  sparingly  soluble  in  water ;  is  not  absorbed  by 
liquid  caustic  idkalis  ;  nor  docs  it  precipitate  lime  water. 

(/')  It  is  extremely  noxious  to  animals  ;  and  fatal  to 
them  if  confined  in  it.  Wlien  respired  for  a  few  minutes, 
it  produces  giddiness  and  fainting. 

(g)  When  100  measmes  of  carbonous  oxide  are  flreil 
over  mercury  in  a  detonating  tube,  with  45  of  oxygen 
gas,  the  total  145  are  diminished  to  90,  which  consist  en- 
tirely of  carbonic  acid.  Proportions,  diilcrlng  a  little  from 
these,  have  been  stated  by  BerdioUet,  viz,  that  100  mea- 
sures of  carbonous  oxide  arc  saturated  by  50  measures  of 
oxvgen,  and  give  100  of  carbonic  acid. 
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(h)  It  is  not  expanded  by  electric  shocks,  nor  does  it  ap- 
pear to  undergo  any  change  by  electrization. 

(?')  When  the  carbonous  oxide,  mingled  with  an  equal 
bulk  of  hydrogen  gas,  is  passed  through  an  ignited  tube, 
the  tube  becomes  lined  with  charcoal.  In  this  tempera- 
ture, the  hydrogen  attracts  oxygen  more  strongly  than  it 
is  retiuned  by  the  charcoal,  and  forms  water.  It  was  found, 
also,  by  Gay  Lussae  to  be  decomposed  by  the  action  of 
potassium,  which  combines  with  the  oxygen  and  precipi- 
tates charcoal. 

According  to  Mr.  Cruickshank,  it  contains  per  ceyit. 
about  70  oxygen,  and::50  carbon  by  weight;  or  the  former 
is  to  the  latter  as  21  to  8.6,  or  as  21  to  9.  Gay  Lussac, 
however,  makes  it  to  consist  of 

43  charcoal, 
57  oxygen. 

100 

This  determination  is  probably  nearer  the  truth  than  Mr. 
Cmickshauk's ;  for,  calculating  on  the  statement  which  he 
has  given,  of  the  proportion  of  carbonic  acid  resulting 
from  its  combustion,  and  assuming  that  this  acid  contains 
28  per  cent,  of  carbon,  100  parts  of  carbonous  oxide 
ought  to  consist  of  40  charcoal  and  60  oxygen. 


SECTION  VL 

Combination  of  Carbon  with  Hydrogen,  for nwig  Car- 
•    hurettcd  Hydrogen  Gas,  or  Hydro-  Carburet. 

I.  Ok  this  combination  there  appear,  on  first  view,  to  be 
several  distinct  varieties,  consisting  of  carbon  and  hydro- 
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gen,  united  in  various  proportions,  and  obtained  by  dif- 
lerent  processes. 

1 .  When  the  vapour  of  water  is  brought  into  contact 
with  red-hot  charcoal  (by  means  of  an  apparatiJS  similar 
to  that  represented,  figi  40),  two  different  products  are 
obtained.  The  oxygen  of  the  water,  uniting  with  the 
carbon,  constitutes  carbonic  acid ;  and  the  hydrogen  of 
tlie  water  dissolving,  at  the  moment  of  its  liberation,  a 
portion  of  charcoal^  composes  carbiuretted  hydrogen  gas*. 
Tlie  carbonic  acid  may  be  separated  from  the  hydro-car- 
buret, by  agitating  the  gas,  which  has  been  produced,  in 
contact  with  lime  and  water,  mixed  together,  so  as  to  be 
of  the  consistence  of  cream. 

2.  By  stirring,  with  a  stick,  the  mud  that  is  deposited 
at  the  bottom  of  ditches  or  stagnant  pools,  bubbles  of  gas 
ascend  to  the  surface,  and  may  be  collected  in  an  inverted 
bottle  of  water,  to  the  mouth  of  which  a  funnel,  also  in- 
verted, is  fixed* 

3.  By  submitting  coal  to  distillation,  in  ail  iron  or 
coated  glass  retort,  a  large  quantity  of  gas,  besides  a  por- 
tion of  tarj  is  produced.  The  latter  may  be  received  in. 
an  intermediate  vessel ;  and  the  gas  must  be  well  washed 
with  lime  liquor.  Tlie  first  product  only  may  be  reserved 
as  a  specinien  of  coal  gas ;  for,  as  the  distillation  proceeds, 
its  density  becomes  gradually  less;  till^  at  length,  the  gas 
which  is  produced  at  the  close  of  the  operation  is  only 
about  half  as  heavy  as  that  evolved  at  first.  The  quantity 
of  gas,  also,  whicii  is  pi-oduced  from  a  given  weight  of  coal, 
is  so  variable  in  different  kinds  of  this  mineraL  that  it  is 


*  In  Nicholson's  Journal,  xi.  68,  I  have  stated  my  reasoiis 
for  believing  that  this  gas  is  not  pure  hydro-carburets 
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scarcely  jwssible  to  state  any  general  average.  From  120 
pounds  avoirdupois  of  the  sort  of  coal  called  IFigmi 
CanncI,  about  340  cubic  feet  of  gas  may  be  obtained,  of 
which  half  a  cubic  foot  per  hour  is  equal  to  a  mould 
candle  of  six  to  the  pound,  burning  during  the  same  space 
of  time. 

4.  Let  a  porcelain  tu]>e,  coated  \A'ith  clay,  be  fixed 
horizontally  in  a  furnace,  in  the  manner  represented, 
fig.  40.  To  one  end  let  a  retort  be  luted,  containing  an 
ounce  or  two  of  ether  or  alcohol ;  and,  to  the  other,  a 
bent  tube,  which  terminates  under  the  shelf  of  the  pneu- 
matic trough.  A  gas  will  be  disengaged,  on  igniting  the 
tube,  and  transmitting,  through  it,  the  alcohol  or  ether  in 
vapour,  which,  when  washed  with  lime-liquor,  is  the  car- 
buretted  hydrogen. 

5.  A  fifth  mode  of  obtaining  hydro-carburet,  consists 
in  distilling,  in  a  glass  retort,  with  a  gentle  heat,  three 
parts  of  concentrated  sulphuric  acid,  and  one  part  of  alco- 
hol. The  mixture  assumes  a  black  colour  and  thick  con- 
sistence ;  and  bubbles  of  gas  are  disengaged,  which  mdy  be 
collected  over  water.  For  reasons  which  will  afterwards 
be  stated,  this  gas  has  been  named  the  olefiant  gas. 

II.  These  varieties  of  carburetted  hydrogen  gas  all 
agree  in  being  inflammable ;  but  they  possess  this  pro- 
perty in  various  degrees,  as  is  evinced  by  the  variable 
brightness  of  the  flame,  which  they  yield  when  set  on 
fire.  They  may  be  inflam.ed  as  they  proceed  from  the 
•orifice  of  a  small  pipe,  or  from  between  two  concentric 
cylinders  of  sheet-iron  or  copper,  placed  at  the  distance 
of  a  small  fraction  of  an  inch  from  each  other.  On  this 
principle,  an  Argand's  lamp  may  be  constructed,  for 
burning  the  gases,  which  will  issue  from  that  space,  com- 
monly occupied  by  the  wick. 
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1.  When  burned  in  either  of  these  modes,  there  is 
a  manifest  gradation  in  the  density  and  brightness  of  the 
flame.  The  gas  from  charcoal  burns  with  a  faint  blue 
light,  not  suited  to  the  purpose  of  illumination  ;  that  from 
ether  or  alcohol  with  more  brilliancy ;  but  still  short  of 
that  with  which  the  coal  pis  burns,  when  I'ecently  pre- 
pared. The  olcftant  gas  surpasses  them  all,  in  the  quan- 
tity of  light  evolv  ed  by  its  combustion. 

2.  If  these  gases  be  burned  in  a  vessel  of  oxygen  gas 
over  lime-water,  by  means  of  a  bladder  and  bent  brass 
pipe  (pi.  iv.  fig.  41),  two  distinct  products  are  obtained, 
ifiz.  water  and  carbonic  acid.  That  water  is  produced, 
may  be  shown  by  burning  a  very  small  stream  of  this 
gas  under  a  long  funnel-shaped  tube  open  at  both  ends. 
The  formation  of  carbonic  acid  is  evinced,  by  the  copious 
precipitation  of  the  lime-water  in  the  foregoing  experi- 
ment. 

a.  The  composition  of  each  of  the  above  gases  is  learned 
by  firing  it,  in  a  detonating  tube  over  mercury,  with  a 
known  quantity  of  oxygen  gas ;  and  observing  the  nature 
and  quantity  of  the  products.  These  products  are  car- 
bonic acid  and  water.  The  former  may  be  exactly  mea- 
sured ;  but  the  water  is  generated  in  such  small  quantity, 
that  it  can  only  be  comi)uted.    The  following  table  shows  - 

the  results  of  a  few  experiments  of  this  kind. 

« 

Measures  of  Oxygen    Measures  of  Car- 
Kind  of  Gas.  Gas  r  'quired  to  satu-    bonic  Acid  pro- 


rate 100  Measures,  duced. 

Pure  hydrogen  gas    ...    50  to  54    ..  . 

Gas  from  charcoal    ...    60   35 

 coal     ....  190   97.5 

 stagnant  water    .200    100 

Olcfiant  gas                       300    200 

2a  2 
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Now  since,  for  the  formation  of  each  measure  of  car- 
bonic acid  gas,  in  the  foregoing  experiments,  an  equal 
volume  of  oxygen  gas  is  lequired,  we  may  learn,  by  de- 
ducting the  number  in  the  third  column  from  the  cor- 
responding one  in  the  second,  what  proportion  of  oxygen 
has  been  spent  in  the  saturation  of  the  hydrogen  of  each 
hydro-carburet.  Thus,  for  example,  in  burning  the 
gas  from  coal,  100  measures  of  oxygen  have  been  em- 
ployed in  forming  carbonic  acid;  and  the  remaining  90 
in  saturating  hydrogen.  But  90  measures  of  oxygen  ai*e 
sufficient  to  saturate  180  of  hydrogen  gas;  and  a  quantity 
of  hydrogen  must  therefore  be  contained  in  100  measures 
of  gas  from  coal ;  which,  expanded  to  its  usual  elasticity, 
would  occupy  1 80  measures. 

4.  Tlie  gases  vary  in  their  solubility  by  water,  the  ole- 
fiant  gas  being  absorbed  in  the  largest  proportion,  viz.  one 
eighth  the  bulk  of  the  water ;  the  gas  from  stagnant  water 
one  sixty-fourth ;  and  the  others  in  still  less  quantity. 

5.  They  vary  also  in  density  or  specific  gravity.  Com- 
mon air  being  1000,  the  olefiaut  gas  is  909 ;  the  gas  from 
ether  or  alcohol  520;  and  from  moistened  charcoal  480. 
The  specific  gravity  of  gas  from  coal,  and  of  that  from 
stagnant  water,  I  am  informed  by  Mr.  Dalton,  are  the 
same,  viz.  666,  or  as  2  to  3. 

6.  The  only  distinct  and  well  characterized  species  of 
hydro-carburet  appear  to  me  to  Ijfe  the  defiant  gas ;  and 
the  gas  from  stagnant  water,  yielding  by  combustion,  an 
equal  bulk  of  carbonic  acid.  Of  these,  the  other  varieties 
appear  to  be  only  mixtures.  The  reasons  for  this  opinion 
I  have  stated  in  Nicholson's  Journal,  volume  xi.  page  68. 
It  is  proper,  however,  to  add  that  they  have  not  been  satis- 
factory to  Berthollet,  who,  in  the  2d  volume  of  the  3fe- 
moires  (VArcueily  has  since  argued  that  hydrogen,  carbon. 
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and  oxygen  may  combine  in  unlimited  proportions,  and 
form  a  great  variety  of  combustible  gases,  to  which  he 
thinks  the  term  oxy-carburetted  hydrogen  more  appro-, 
priate.  On  the  contrary,  it  is  contended  by  Mr.  Dalton 
and  myself,  that  oxygen  is  not  an  essential  element  of  these 
compounds ;  and  that  the  hydrogen  and  carbon,  of  which 
alone  they  consist,  are  capable  of  uniting  in  but  few  pro- 
portions. The  controversy,  which  would  be  unseasonable 
in  an  elementary  work,  1  sliall  probably  resume  on  some 
future  occasion. 
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CHAPTER  XII. 

SULPHUR.  SULPHURIC  ACID.  SULPHATEf?.  BINARY 

COMPOUNDS  OF  SULPHUR. 

IN  describing  sulphur  and  its  compounds,  I  shall  take 
tlieiT)  in  the  following  order. 

I.  ScLPHUK  in  its  uncombined  state. 

II.  Sulphur  united  with  its  full  proportion  of  oxygen, 
constituting  sulphukic  acid;  r\n6  the  compounds  of 
this  acid  with  alkalis  and  CcU'ths,  termed  sulphates. 

III.  Sulphur  united  with  a  le^s  proportion  of  oxygen, 
composing  sulphurous  acid  ;  and  the  compounds  of 
this  acid,  called  sulphites. 

IV.  The  compounds  of  sulphur  with  alkalis  and  earths, 
termed  sulphurets. 

V.  The  combination  of  sulphur  and  hydrogen,  named 
sulphuretted  hydrogen;  and  the  compounds,  which 
it  forms  with  alkaline  and  earthy  bases,  called  hydro- 
sulpiiurets. 

VI.  The  compound  of  sulphuretted  hydrogen  with  a 
still  farther  dose  of  sulphur,  composing  super-sulphu- 
retted hydrogen  ;  and  its  compounds  with  different 
bases  called  hydroguretted  sulphurets,  or  sometimes 
sulphuretted-hydro-sulphurets. 
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,  SECTION  I. 

SULPHUR. 

I.  The  sulphur,  which  occui-sasan  article  of  commerce, 
is  a  mineral  production,  and  is  brought  to  this  countiy 
chiefly  from  Sicily.  That  which  is  obtained  in  our  own 
island,  is  generally  of  very  inferior  quality,  and  contains  a 
portion  of  the  metal,  from  combination  with  which  it  has 
been  separated.  It  is  met  with  under  two  different  forms, 
that  of  a  compact  solid,  which  has  generally  the  shape  of 
long  rolls -or  sticks  5  and  that  of  a  light  powder  called 
Jlowei's  of  sulphur.  In  general,  the  latter  may  be  consi- 
dered as  most  pure  ;  but  the  two  varieties,  it  will  pre- 
sently appear,  are  readily  convertil)le  into  each  other  by  the 
modified  appUcation  of  heat. 

II.  Sulphur  is  readily  fused  and  volatilized.  When 
heated  to  1 70°  of  Fahrenheit,  it  begins  to  evaporate,  and 
to  produce  a  very  disagreeable  smell;  at  185°  or  190°  it 
begins  to  melt ;  and  at  220°  is  completely  fluid.  If  the 
heat  be  rapidly  increased,  it  loses  its  fluidity,  and  becomes 
firm,  and  of  a  dee})er  colour.  It  regains  its  fluidity,  if  we 
reduce  the  temperature ;  and  tliis  may  be  repeated  at  plea- 
sure, In  close  glass  vessels,  if  the  changes  of  heat  be  not 
slow ;  otherwise  it  is  volatilized. 

III.  If,  after  being  melted,  it  be  suffered  to  cool,  it  con- 
geals in  a  crystalline  form,  but  so  confusedly,  that  we  can- 
not define  the  shape  of  the  crystals,  farther  than  that  they 
are  slender  interlaced  fibres.  If  a  large  mass  be  kept  fluid 
below,  while  it  congeals  at  the  surface,  the  crystalliza- 
tion there  is  umch  more  distinct.  When  sulphur  in  com- 
plete fusion  is  poured  into  water,  it  becomes  tenacious  like 
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wax,  and  may  be  applied  (as  is  done  by  Mr.  Tassie)  to  take 
impressions  from  en^aved  stones,  &c.  These  impressions 
are  quite  hard,  when  the  sulphur  has  become  cold. 

IV.  At  the  temperatiire  of  about  290'^  Fahrenheit, 
sulphur  is  converted  into  vapour ;  and  if  this  operation  be 
conducted  in  close  vessels,  the  volatilized  sulphur  is  again 
collected  in  a  solid  form.  What  remains  has  been  called 
sulphur  vivum.  This  affords  an  example  of  the  process  of 
mhUrifrition,  which  diflfcrs  from  distillation,  in  affording  a 
solid  product,  while  the  latter  yields  a  condensed  liquid. 
In  tiiis  mode,  sulphur  may,  in  part,  be  purified ;  and  its 
purification  is  completed,  by  boiling  it  repeatedly  in  dis- 
tilled water;  then  in  twice  or  thrice  its  weight  of  nitro- 
muriatic  acid,  diluted  with  one  part  of  distilled  water; 
and,  finally,  by  washing  it  with  distilled  water,  till  this 
comes  off  tasteless,  and  incapable  of  changing  the  blue  co- 
lours of  vegetables. 

V.  When  flowers  of  sidpliur  are  digested  in  alcohol,  no 
\mion  takes  place ;  but  if  the  two  bodies  be  brought  into 
contact,  when  both  are  in  a  state  of  vapour,  they  enter 
into  chemical  union.  This  may  be  shown  by  an  ingenious 
experiment  of  La  Grange,  the  apparatus  for  performing 
which  is  represented  in  the  first  plate  of  his  Manual." 
Into  a  glass  alembic  (see  the  plates  to  this  work,  fig.  2) 
put  a  little  sulphur;  over  this  suspend,  by  a  couple  of 
strings,  a  small  bottle  filled  with  alcohol ;  and  apply  a  re- 
ceiver to  the  pipe  of  the  alembic,  the  head  being  put  into 
its  place.  Lute  the  junctures,  and  apply  a  gentle  heat  ta 
the  alemljic.  The  sulphur  will  now  be  raised  in  vapour  ; 
and  the  vapour  surrounding  the  bottle  of  alcohol,  the  latter- 
will  be  volutili^A'd,  and  will  meet  in  tliis  state  the  fumes  of 
sulphur.  A  combination  will  take  place  between  the  two 
1x)dies,  and  sulphurized  alcohol  will  pass  into  the  receiver^ 
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On  pouring  this  preparation  into  water,- the  sulphur  will 
be  precipitated. 

VI.  'J'hough  it  had  aheady  been  suspected  (chiefly  from 
the  experiments  of  M.  BerthoUet,  junior,  described  in 
sect.  G,  art.  4,  of  this  chapter)  that  sulphur  contains  hy- 
drogen, yet  the  first  unequivocal  evidence  of  the  fact  was 
furnished  by  Mr.  Davy.  In  considering  the  analytical 
powers  of  the  Voltaic  apparatus,  it  occurred  to  him,  that 
thougli  sulphur,  being  a  non-conductor,  could  not  be  ex^ 
pected  to  yield  its  elements  to  the  attractive  and  repulsive 
powers  of  opposite  electricities,  yet  that  the  intense  heat, 
which  is  thus  produced,  might  possibly  effect  some  altera^ 
tion  in  it,  and  tend  to  separate  any  elastic  matter  it  might 
contain.  On  this  idea,  a  bent  glsiss  tube,  having  a  platina 
wire  hermetically  sealed  into  its  upper  extremity,  was  filled 
with  sidphur.  The  sulphur  was  melted  by  heat;  and  a 
proper  connection  being  made  with  the  Voltaic  apparatus 
of  500  double  plates,  each  six  inches  square  aud  highly 
charged,  a  most  intense  action  took  place.  A  very  bril- 
liant light  was  emitted;  the  sulphur  soon  entered  into 
ebullition ;  elastic  matter  was  evolved  in  great  quantities ; 
and  the  sulphur,  from  being  of  a  pure  yellow,  became  of  a 
dark  reddish  brown  tint.  The  gas  was  found  to  be  sulphu- 
retted hydrogen,  or  hydrogen  gas  holding  sulphur  in  solu- 
tion; and  its  quantity,  in  about  two  hours,  was  more  than 
five  times  the  volume  of  the  sulphur  employed. 

Another  proof  of  the  presence  of  hydrogen  in  sulphur  is 
derived  from  the  action  of  potassium ;  for  these  two  bodies 
act  upon  each  other  with  gieat  energy,  and  evolve  sul])hu- 
retted  hydrogen,  with  intense  heat  and  light. 

Ijjistly,  when  dry  sulphur  is  burned  in  dry  oxygen  gas, 
Mr.  Davy  is  of  opinion  that,  beside  sulphuric  acid,  a  portion 
pf  water  is  also  formed. 
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Anotlicr  ingredient  of  sulphur,  it  appears  probable  from 
the  experiments  of  the  same  chemist,  i§  oxygen.  Wiien 
potassium  is  made  to  act  on  sulphuretted  liydrogcn,  it  burns 
with  a  brilliant  light;  and  a  small  quantity  of  potash  is 
formed,  w  Inch  unites  with  a  portion  of  the  sulphur.  But 
to  the  production  of  this  potash,  oxygen  is  absolutely  ne- 
cessaiy,  and  since  the  hydrogen  could  not  have  furnished 
it,  no  other  source  can  be  assigned  but  the  sulphur  which 
the  gas  holds  in  solution. 

An  additional  argument,  in  favour  of  the  presence  of 
oxygen  in  sulphur,  is  derived  from  the  fc^llowing  fact. 
Potjissium  and  sodium,  in  their  perfectly  neutralized  state, 
evolve  a  certain  quantity  of  hydrogen  from  water,  in  conse- 
quence of  their  afiinity  for  oxygen.  But  whene\'er  they 
are  partially  oxidized,  before  being  added  to  water,  they 
do  not  evolve  so  much ;  because  the  affinity,  by  which 
they  eifect  the  decomposhion  of  water,  is  already  in  part 
satisfied  Now  it  is  remarkable  that  potassium,  after  being 
combined  with  sulphur,  detaches  a  less  pro})ortion  of  hy- 
drogen from  water  than  an  equal  weight  of  the  pure 
metal ;  and  the  more  we  increase  the  proportion  of  the 
sulphur  to  the  potassium  the  less  hydrogen  does  the  latter 
evolve,  probably  because  it  has  already  acquired  a  greater 
share  of  oxygen  from  the  sulphur. 

Sulphur,  then,  in  its  common  state,  appears  to  be  a  com- 
bination of  small  quantities  of  oxygen  and  hplrogen  w  ith 
a  large  quantity  of  a  peculiar  basis.  The  nature  of  this 
biisis,  however,  though  it  has  been  an  object  of  investiga- 
tion with  Mr.  Davy,  is  but  imperfectly  known.  He  at- 
tempted to  obtain  it  in  a  separate  form,  from  the  com- 
pound of  potassium  and  sulphur,  in  which  we  may  natu- 
rally su]->pose  it  to  exist.  Muriatic  acid  detached  a  sub- 
stance of  a  dark  grey  colour,  harsh  to  the  touch ;  which. 
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at  common  temperatures,  had  no  smell;  but,  when  heated, 
emhted  the  peculiar  odour  of  sulphur.  Though  certainly 
differing  from  sulphur  in  its  ordinary  state,  yet  in  its  che- 
mical properties  it  approached  so  nearly  to  that  body,  that 
we  nmst  still  consider  tlu2  exliibition  of  the  base  of  sulphur 
in  a  pure  form,  as  not  satisfactorily  accomplished. 

VII.  Sulphur  is  inflan^niabie,  and  appears  susceptible  of 
two  distinct  combustions,  which  take  place  at  different 
temperatures*.  At  140°  or  ISO'''  Fahrenheit,  it  begins 
sensibly  to  attract  oxygen  ;  and  if  the  temperature  be 
raised  to  180'^  or  190°,  the  conibination  becomes  pretty 
rapid,  accompanied  by  a  faint  blue  liglit.  But  the  heat 
evolved  is  scarcely  sensible ;  at  least  it  is  so  weak,  that  the 
Kulphur  mny  thus  be  burnt  out  of  gunpowder,  and  the 
powder  be.  rendered  useless  without  inflaming  it.  At  a 
temperature  of  300°,  its  combustion,  thougli  still  feeble 
compared  with  that  of  some  other  bodies,  is  much  more 
at^tive,  and  .accompanied  whli  a  redder  light.  When  set 
on  fire  in  oxygen  gas,  it  burns  with  a  very  beautiful  and 
brilliant  light ;  but  of  a  given  quantity  of  oxygen  gas,  it  is 
not  possible  to  condense  tlie  whole  by  this  combustion,  for 
reasons  which  hereafter  will  be  stated.  The  product  of 
these  combustions,  when  examined,  will  be  found  to  be  sul- 
phuric acid  f. 


*  For  an  account  of  the  oxides  of  sulphur,  see  Dr.  Thom- 
fiop-'s  pgper  in  N-icholson's  Journal,  vi.  101. 

f  Much  sulphurous  acid  is  also  generated  in  these  pro- 
cesses. 
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SECTION  II.  / 

Sulphuric  Acid. 

I.  Though  this  is  not  tlie  mode  in  which  sulphuric  acid 
is  ordinarily  prepared  (which  will  be  aftenvards  described 
in  chap.  xiii.  sect.  5),  yet  it  will  be  proper  for  the  chemical 
student  to  examine  the  result  of  this  combustion,  on 
account  of  the  simplicity  of  the  process.  Let  the  glass 
bell,  under  which  sulphur  has  been  burnt,  be  rinced  out 
with  a  little  water.  This  water  will  have  an  acid  taste, 
will  turn  vegetable  blue  colours  red,  and  will  effervesce 
with  carbonated  alkalis.  It  is  therefore  an  acid ;  and  as  it 
is  composed  of  sulphur  and  oxygen,  it  is  termed  the  sul- 
phuric acid.  The  properties  of  this  acid  must  be  exhibited 
by  a  portion  of  that  usually  found  in  the  shops.  They  are 
as  follows : 

(rt)  Sulphuric  acid  has  a  thick  and  oily  consistence  j  as 
may  be  seen  by  pouring  it  from  one  vessel  into  another. 

{b)  In  100  parts,  it  contains,  according  to  Chenevix, 
61i  sulphur  and  38^  oxygen.  Berthollet,  however,  has 
lately  stated  (Memoires  d'Arcueil,  ii.),  that  17.846  parts 
of  sulphur,  oxj'genized  by  nitric  acid,  give  a  quantity  of 
sulphuric  acid  which  affords  127.515  parts  of  sulphate  of 
barytes.  Hence  it  follows  that  100  parts  by  weight  of 
sulphur  are  convertible  into  230.79  parts  of  real  sulphuric 
acid  (=  about  2i>2  parts  of  density  1.85) ;  and  sulphuric 
acid  must  consist  of 

43.28  sulphur 
56.72  oxygen 
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This  last  statement  accords  so  nearly  with  those  of 
Klaproth,  Richter,  and  Bucholz  (which  all  agree  in  fixing 
the  sulphur  in  sulphuric  acid  at  between  42  and  43  per 
cent.),  that  it  is  probably  the  correct  one.  It  will  be 
found,  also,  if  we  assume,  as  appears  now  to  be  decisively 
proved,  the  suljihate  of  barytes  to  contain  33^  per  cent,  of 
acid,  and  not  23^  as  estimated  by  Mr.  Chenevix,  that  the 
results  of  this  last  mentioned  chemist  differ  very  little  from 
the  one,  which  I  have  considered  as  most  nearly  approach- 
ing the  truth. 

(c)  Sulphuric  acid  is  nearly  twice  as  heavy  as  water. 
This  will  appear  from  weigliing  a  small  phial  filled  with 
the  acid,  and  afterwards  filled  with  distilled  water.  The 
same  result  will  be  more  conveniently  obtained,  by  making 
the  comparison  in  the  long-necked  bottle.  (PI.  i.  tig.  14.) 
The  specific  gravity  of  the  acid,  as  prepared  for  purposes 
of  commerce,  is  generally  1.845,  containing,  in  this  state, 
according  to  Kirwan, 

J  9  real  acid 
21  water 

100. 

It  does  not  appear  that  the  specific  gravity  of  rectified 
sulphuric  acid  can  be  carried  so  high  as  1.850*.  When  of 
the  specific  gravity  1.417,  it  contains,  according  to  Ber- 
tholiet,  38.58  ^^cr  cent,  of  real  acid;  the  remainder  being 
water. 

(d)  In  a  pure  state,  it  is  perfectly  limpid  and  colour- 
less. 

(e)  VVlien  mixed  suddenly  with  water,  considerable 


*  Transactions  of  tiie  Irish  Academy,  iv.  88. 
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heat  is  produced.  Four  parts,  by  wei£--ht,  of  concentrated 
sulpliuric  acid,  and  one  of  water,  wlu^n  suddenly  mixed 
togetiier,  each  at  the  temperature  or  50"  Fahrenheit,  liave 
their  tcn)perature  raised  to  300"^.  Thia  rise  of  temperature 
takes  phice,  l>ecause  the  affinity  or  capacity  of  the  com- 
pound of  sulpluiric  acid  and  water  for  caloric,  is  less  thaii 
that  of  the  acid  and  water  separately.  A  diminution  of 
hulk  also  ensues ;  that  is,  one  measure  of  acid  and  one  of 
water  do  not  occupy  the  spaec  of  two  measures,  but 
about  yVth  less.  Owing  to  the  heat  produced  by  its 
admixture  with  water,  the  dilution,  for  ordinary  purposes, 
sliould  be  conducted  very  gradually ;  and  the  acid  should 
he  added  to  tiie  water  by  small  portions  at  once,  allowing 
each  portion  to  cool  before  a  fresh  addition  is  made.  On 
the  principle  of  its  attraction  for  water  is  to  be  explained, 
also,  the  rapid  increase  of  weight  which  the  acid  acquires 
when  exposed  to  air.  In  one  day,  three  parts  of  sulphuric 
acid,  exposed  to  the  atmosphere,  are  increased  in  weight 
one  part ;  and  one  ounce,  by  twelve  months  exposure,  has 
been  found  to  gain  an  addition  of  G^. 

(f)  A  perfectly  pure  sulphuric  acid  remains  quite  limpid 
during  dilution.  The  sulphuric  acid,  however,  commonly 
found  in  the  shops,"  under  the  name  of  oil  of  vitriol,  on 
admixture  with  water,  deposits  a  white  powder,  in  con- 
siderable quantity,  consisting  of  various  impurities,  but 
chiefly  of  sulphate  of  lead. 

{g)  The  boiling  point  of  sulphuric  acid  is  considerably 
higher  than  that  of  water,  and  even  approaehes  to  that  of 
mercury.  Bergman  stated  its  boiling  point  to  be  540" 
Faluenheit,  but  Mr.  Dahon  has  determ.iied  it  to  be  590'^. 

{h)  Sulphuric  acid,  by  a  snfticient  reduction  of  its 
temperature,  may  be  fro/en ;  and  under  favoura))le  circum- 
stances, it  assumes  a  regular  crystalline  form,  a  considerable 
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degree  of  solidity  or  luirdiicss,  and  a  density  exceeding 
tliat  which  it  possessed  in  a  fluid  state.  From  the  experi- 
ments of  Mr.  Keir*  it  follows  that  there  is  a  certain  point 
of  specific  gravity  {viz.  1/80  to  KKX)),  at  which  tiie  sul- 
phuric acid  most  readily  congeals;  and  when  of  this  degree 
of  strength  it  requires  even  a  less  degree  of  cold  than  is 
sufficient  to  freeze  water,  its  congelation  taking  place  at 
45°  Fahrenheit.  Fronti  the  specific  gravity  of  IJSG  on  the 
one  hand  to  177'>  oii  the  other,  it  freezes  at  32°  Fahren- 
heit. It  is  singular  that  it  remains  congealed  at  a  tem- 
perature higher  than  that  originally  required  for  freezing 
it.  Acid,  for  example,  which  did  not  become  solid  till  its 
temperature  was  reduced  to  32°,  remains  frozen  at  45°. 
When  of  the  specific  gravity  of  1843,  or  as  nearly  as 
possible  of  that  of  commerce,  it  was  found  by  Mr.  Macnabf 
to  freeze  at— 15°  Fahrenheit ;  but  tin's  acid,  mixed  with 
rather  more  tlum  half  its  weight  of  water  required  for 
congelation  the  temperature  of— 3(>°  Fahrenheit. 

(<)  To  purify  sulphuric  acid,  it  must  be-  distilled  in  a 
glass  retort,  }>laced  in  the  sand-bed  of  a  reverberatory 
furnace.  This  process  is  a  very  difficult  one;  and  an  in- 
experienced chemist  should,  therefore,  not  attempt  it.  To 
those,  however,  who  have  the  means  of  repeating  the  pro- 
cess, and  sufficient  experience  in  chemical  operations,  the 
following  instructions  may  be  tiseful ;  especially  as  it  is  in- 
dispensable, in  all  experiments  of  research,  to  employ  an 
acid  thus  purified. 

The  furnace,  in  which  this  process  is  conducted,  sliould 
have  a  contrivance  for  supporting  a  sand-bath  within  it  at 


*  Philosophical  TransactioiiSj  Ixxvii.  '267. 
f  Philosophical  Transactions,  Ixxvi.  2+1. 
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a  proper  height ;  and  an  opening  in  the  side,  for  transj' 
mining  the  neck  of  the  retort.  (PL  vii.  fig.  62,  G3.) 
The  retort  must  be  coated  with  chiy  and  sand  over  its 
whole  body,  and  also  over  that  part  of  the  neck  which  is 
exposed  to  the  fire.  It  is  then  to  be  i)laced,  the  coating 
being  previously  dry,  in  the  sand-bath,  about  one  half 
tilled  with  sulphuric  acid ;  and  a  receiver  must  be  applied, 
but  not  luted  on.  The  fiie  must  now  be  lig))ted,  and 
raised  with  extreme  caution.  The  first  portion  that  comes 
over,  amounting  to  about  one  sixth,  consists  chiefly  of 
water,  and  may  be  rejected.  This  is  followed  by  tlie  con-* 
centrated  acid ;  and,  at  this  period,  there  is  great  risk  that 
the  neck  of  the  retort  will  be  broken,  by  the  contact  of 
the  condensed  acid,  which  has  a  ver^'  high  temperature, 
and  which  frequently  cracks  the  glass,  as  effectually  as  the 
application  of  a  red-hot  iron.  The  fire  must  be  regulated 
by  the  register-door  of  the  ash-pit,  so  that  several  seconds 
may  elapse  between  the  fall  of  the  drops  into  the  receiver* 
The  process  may  be  continued  as  long  as  any  acid  is  con- 
densed. The  retoits,  employed  for  this  purpose,  should 
be  most  attentively  annealed  ;  and  it  is  advisable,  that  the 
operator  should  anneal  them  himself,  by  first  heating  them 
in  an  oven,  and  then  allowing  the  oven  to  cool  as  slowly 
as  possible. 

Sulphuric  acid  may  be  less  perfectly  purified  by  diluting 
it  with  an  equal  weight  of  water,  allowing  the  impurities 
to  settle,  decanting  the  clear  liquor,  and  evaporating  it  to 
the  proper  degree  in  a  glass  retort. 

(A)  Sulphuric  acid  is  decomposed  at  the  temperature  of 
the  atmosphere,  by  inflannnablc  substances,  and  acquires  a 
dark  colour.  The  addition  of  a  little  brown  sugar,  or  a 
drop  of  oil,  to  a  portion  of  the  acid,  imparts  to  it  a 
brownish  hue,  which  in  time  changes  to  black.  Hence 
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this  acid  should  ahvays  he  kept  in  bottles  with  glass 
stoppers ;  for  a  small  hit  of  straw  or  cork,  if  clropped  into  a 
considerable  quantity  of  sulphuric  acid,  changes  it  in  tlie 
manner  that  has  been  pointed  out. 

(/)  In  high  temperatures,  sulphuric  acid  is  still  farther 
decomposed  by  cbmliustible  bodies. 

1.  Hydrogen  gas,  brought  into  contact  with  sulphuric 
acid,  in  a  state  approaching  ignition,  decomposes  it,  and 
water  and  sulphurous  acid  are  formed.    This,  however, 

a  most  dangerous  and  difficult  process,  which  it  is  not 
advisable  to  repeat; 

2.  According  to  Gay  Lussac,  sulphuric  acid  is  dccom- 
posad  by  a  high  temperature,  and  is  resolved  into  two  parts 
by  measure  of  sulphurous  acid  gas,  and  one  of  oxygen  gas. 
This  experiment  is  best  performed  by  passing  the  acid 
through  a  red-hot  tube  of  glass  or  porcelain. 

3.  Sulphur,  by  being  boiled  in  sulpliuric  acid,  partly 
deoxvgenates  it,  and  converts  a  portion  of  it  into  sulphurous 
acid,  which  chines  over  in  a  gaseous  state. 

4:  Into  a  glass  retort  put  such  a  quantity  of  sulphuric 
acid  as  will  fill  about  one  fourth  part  of  it,  and  add  a  small 
portion  of  powdered  charcoal.  On  applying  the  heat  of  a 
lamp,  gas  will  be  produced  veiy  abundantly.  Let  this  gas 
be  conveyed  by  a  tube  fixed  to  the  mouth  of  a  retort,  and 
bent  in  the  proper  manner,  into  an  inverted  jar  of  water ; 
or,  if  it  can  be  had,  into  an  inverted  jar  of  quicksilver  ia 
a  mercurial  apparatus.  During  this  operation,  the  carbon 
attracts  part  of  the  oxygen  of  the  sulphuric  acid,  and  forms 
carbonic  acid  gas.  But  the  sulphui'  is  not  entirely  dis- 
oxygcnated;  and  a  compound  is  therefore  formed  of  sul- 
phur and  oxygen,  containing  less  oxygen  than  the  sulphuric 
acid.  This  compound  exists  in  the  state  of  a  gas,  and  its 
properties  may  next  he  examined.    To  avoid,  however, 
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the  compfication  which  tlie  admixture  of  carbonic  acicT 
with  this  new  product  introduces  into  the  experiment,  it 
may  be  proper  to  prepare  it  in  a  mode  less  objectionable, 
but  the  rationale  of  which  cannot  at  present  be  explained. 
This  consists  in  dissolving  one  part,  by  weight,  of  quick- 
silver in  two  of  sulphuric  acid,  and  boiling  the  mass  to 
dryness,  in  the  bottom  of  a  broken  Florence  flask.  The 
dried  mass,  still  remaining  in  the  retort,  is  next  to  be  dis- 
tilled in  a  strong  sand-heat ;  a  glass  globe  being  intei-posed 
between  the  retort  and  the  receiving  mercurial  trough,  to 
condense  any  sulphuric  acid  tliat  may  escape  decomposi- 
tion. (See  pi.  iii.  fig.  31.)  The  gas  thus  obtained  is  termed, 
conformably  to  the  principles  of  the  new  nomenclature, 
sulphurous  aciiL 


SECTION  III. 

Sulphurous  Acid  Gas, 

Splphurous  acid  may  be  formed,  also,  by  burning  sul- 
phur at  a  low  temperature  under  a  glass  bell ;  and  if  slips 
of  linen  cloth,  dipped  in  a  solution  of  potash,  be  exposed 
to  the  vapour,  the  alkali  forms  a  combination  with  the  sul- 
phurous acid,  which  may  afterwards  be  washed  off  and 
evaporated.  The  dry  salt,  distilled  with  liquid  tartaric-, 
acid,  gives  sulphurous  acid  gas. 

Its  properties  are  the  following : 

(«)  It  has  a  pungent  and  suffocating  smell,  exactly  re- 
sembling that  which  arises  from  burning  sulpliur. 

ip)  It  is  above  twice  heavier  than  atmospherical  air. 


According  to  Kinvan,  its  specific  gravity  is  2.265,  common 
air  being  1 ;  or,  according  to  Gay  Lussac,  from  calculatioii 
2.3031 1.  jVtthe  temperature  of  60°  the  barometer  being 
30  ii\ches,  100  cubic  inches  of  this  gas  are  stated  by  Mi\ 
Kirvvan  to  weigh  70-215  grains*  By  Monge  and  Clouet 
it  is  said)  if  exposed  at  the  same  time  to  a  temperature  of 
<i\°  Fahrenheit,  and  to  great  pressure,  to  assume  a  fluid 
state. 

(c)  It  extinguishes  burning  bodies,  and  kills  animals. 

(d)  It  has  the  property  of  whitening  or  bleaching  silk, 
and  of  giving  it  lustre. 

(<?)  Of  sulphurous  acid,  water  absorbs  33  times  its  bulk, 
or  one  eleventh  of  its  weight,  caloric  is  evolved,  and  the 
solution  at  68°  has  the  specific  gravity  1.0513.  From  this 
fluid  it  is  again  separated,  like  caibonic  acid,  by  the  ap- 
plication of  heat ;  but  not  by  congelation. 

(f)  This  watery  solution  does  not  redden  infusion  of 
litmus,  as  acids  in  general  do,  but  totally  destroys  its 
colour.  Hence  its  use  in  bleaching  several  vegetable  and 
animal  products.  It  restores  the  colour  of  syrup  of  violets, 
which  has  been  reddened  by  other  acids.  (Nicholson's 
Journal,  xvii.  303.) 

(g)  Sulphuric  acid,  saturated  with  this  gas,  which  may 
be  effected  by  passing  the  gas  through  the  acid,  acquires  a 
strong  smeU,  a  yellowish  brown  colour,  smokes  when  ex-' 
posed  to  the  air,  and  has  the  property  of  assuming  a  solid, 
form,  by  a  moderate  reduction  of  its  temperature.  When 
distilled,  the  first  product,  which  is  a  compound  of  the  two 
acids,  assumes  a  solid  form.  It  has  been  called  glacial 
sulphuric  acid, 

(/i)  Sulphurous  acid  is  again  converted  to  tlie  state  of 
sulphuric,  by  restoring  oxygen  to  it. 

\ .  A  mixture  of  oxygen  and  sulphurous,  acid  gases,  both 
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perfectly  cliy,  and  standing  over  mercury,  is  not  diminished 
by  remaining  in  contact  with  each  other  during  some 
months  J  but  if  a  small  quantity  of  water  be  added,  the 
mixture  begins  to  diminish,  and  sulphuric  acid  is  formed- 
The  same  gases  in  a  state  of  mixture,  driven  through  a 
red-hot  porcelain  tube,  afford  sulphuric  acid.  The  pro- 
portions required  for  mutual  saturation  are  two  measures 
of  sulphurous  acid  and  one  of  oxygen  gas. 

2.  To  a  portion  of  water  saturated  with  this  gas,  add  a 
little  oxide  of  manganese,  a  substance  that  contains  much 
oxygen  loosely  combined.  The  pungent  smell  of  the 
water,  and  the  other  characteristics  of  sulphurous  acid, 
will  soon  disappear. 

3.  Sulphurous  acid  gas  is  condensed  into  sulphuric  acid 
by  admixture  with  nitious  gas,  and  also  by  oxy-muriatic 
acid  gas. 

(i)  W']icn  the  temperature  of  sulpliurous  acid  gas  is 
greatly  reduced,  by  surrounding  it  with  a  mixture  of  snow 
and  muriate  of  lime,  it  is  changed  into  a  liquid. 

(k)  If  sulphurous  acid  gas  and  fresh  muriate  of  tin  are 
brought  into  contact  over  mercury,  the  volume  of  the 
gas  is  speedily  diminished,  sulphur  is  deposited,  and  the 
.simple  muriate  becomes  an  oxygenized  muriate  of  tin. 
(Accum.) 

Both  these  acids  are  susceptible  of  xx)mWnation  with 
alkalis. 

(/)  It  is  decomposed,  when  submitted  to  the  heat  of 
ignition,  in  contact  with  certain  combustible  bodies.  Thus, 
when  a  mixture  of  sulphurous  acid  and  hydrogen  gases  are 
driven  through  a,  red-hot  porcelain  tube,  the  oxygen  of  the 
acid  combines  with  the  hydrogen,  and  forms  water,  and 
sulphur  is  obtained  in  a  separate  form.  The  sulphurous 
acid  is  decomposed,  also,  when  transmitted  Oi'er  red-hot 
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charcoal ;  and,  as  appears  from  Gay  Lussac's  experiment, 
by  potassium. 

From  the  testimony  of  the  same  chemist  vve  learn  that 
100  parts  of  sulphur,  to  become  sulphurous  acid,  unite 
with  95  oxygen  ;  and  hence  this  acid  niust  be  composed  of 

Sulphur  51.3 
Oxygen  48.7 

100 

Dr.  Thomson  had  formerly  determined  that  100  sul- 
phurous acid  consist  of 

Sulphuric  acid  82 
Sidphur     .     1 8 

100 

And  if  we  admit  that  100  sulphuric  acid  contain  43  of 
sulphur,  then  82  must  contain  35.26',  which,  added  to  18, 
make  53.26  sulphur  in  100  of  sulphurous  acid,  numbers 
not  very  remote  from  those  of  Gay  Lussac. 


SECTION  IV. 

Combination  of  Sulphuric  Acid  with  Alkalis. 

Art.  l. — 'Sulphate  of  Potash. 

This  salt  may  be  formed  by  saturating  the  carbonate  of 
potash  with  sulphuric  acid,  and  crystallizing  the  solution. 
Its  properties  are  the  following : 

(a)  It  crptallizes  in  sm  ill  six-sided  prisms,  terminated 
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by  six-sided  pyramids  with  triangular  faces.    Its  specific 
gravity,  according  to  Hassenfratz,  is  2.0473. 
(h)  It  has  a  hitter  taste. 

(c)  It  decrepitates,  or  crackles,  when  tlirown  on  a  red^ 
hot  iron,  or  on  red-hot  coals,  and  is  volatilized  by  a  strong 
heat,  first  running  into  fusion.  By  a  low  red-heat  it  loses 
very  little  of  its  weight,  not  more  than  one  and  a  half  or 
two  ^?er  cent. 

((/)  Water,  at  GO''  of  Fahrenheit,  takes  up  only  one 
sixteenth  of  its  weight ;  but  boiling  water  dissolves  one  fifth, 
or  by  continu'.:g  the  application  of  iieat  even  one  fourth. 

(e)  One  hundred  parts  contain  30.21  acid,  64.6"1  alkali, 
and  5.18  water.  The  determination  of  Berthollet  differs 
considerably  from  this ;  for,  setting  aside  the  water  of  cry- 
stallization, he  makes  the  salt  to  consist  cf 

51.38  potash 
46.G2  acid 

100 

(/)  This  sulphate  is  decomposed,  in  high  temperatures, 
by  carbon.  Mix  any  quantity  of  the  siilt  with  one  fourth 
of  its  weight  of  charcoal  finely  powdered,  and  expose  the 
mixture,  in  a  crucible,  to  a  strong  heat.  The  carbon  will 
vnite  with  the  oxygen  of  the  sulphuric  acid,  and  will 
escape  in  the  state  of  a  gas.  What  remains  is  "a  compound, 
hereafter  to  be  described,  of  sulphur  and  potash. 

Super-snJphafe  of  Potash. 

When  to  a  saturated  solution  of  sulphate  of  potash  in 
boiling  water,  we  add  an  excess  of  sulphuric  acid,  the  first 
crystals,  which  are  formed,  contain  a  considerable  excess 
of  sulphuric  acid,  not  less  in  the  whole,  accor^ling  to  Ber> 
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thoUet*,  than  55.8  per  cent.  By  continuing  to  evaporate 
the  sohition,  we  obtain  successive  quantities  of  crystals, 
which  hold  less  and  less  acid  in  combination.  Thus  the 
second  set,  according  to  the  same  chemist,  contain  only 
49.5  per  cent,  of  acid. 

This  salt  has  an  intensely  sour  taste  and  a  powerful 
action  on  blue  vegetable  colours.  One  part  is  soluble  in 
two  of  water  at  60°,  and  in  less  than  an  equal  weight  at 
212°.    It  is  insoluble  in  alcohol. 

Art.  2. — Sulphate  of  Soda. 

(a)  Tills  salt  forms  regular  octahedral  crystals,  of  a 
prismatic  or  cuneiform  figure ;  the  two  terminating  pyra- 
mids of  which  are  truncated  near  their  basis. 

{b)  It  has  a  more  bitter  taste  than  tlie  preceding,  and 
melts  more  easily  in  the  mouth. 

(c)  It  swells  upon  a  heated  iron,  in  consequence  of  the 
loss  of  its  water  of  crjstallization,  and  a  white  powder  b 
left,  amounting  to  only  about  36  parts  from  100  of  the 
original  salt. 

{d)  By  exposure  to  the  atmosphere,  it  effloresces,  and 
loses  weight. 

[e)  It  is  very  soluble  in  water,  three  parts  of  which,  at 
60°  of  temperature,  dissolve  one  of  the  salt ;  and  boiling 
water  dissolves  its  own  weight. 

(/)  It  contains  per  cent.,  according  to  Kirwan,  23.52 
acid,  18.48  base,  58  water. 

[g)  It  is  decomposed  by  charcoal  like  the  preceding 
gait,  and  a  compound  remains  of  sulphur  and  soda. 


*  Mmoirss  d'Arcueil,  ii.  4^0. 
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Art.  3. — Sulphate  of  Jlnimonia. 

(a)  The  sulphate  of  ammonia  forms  long  flattened 
prisms  with  six  sides,  terminated  by  six-sided  pyramids. 
{b)  It  slightly  attracts  moisture  from  the  air. 
(r)  It  has  a  cool  bitter  taste. 

{d)  Two  parts  of  water,  at  C0%  take  up  one  of  the  sal^, 
aiid  boiling  water  dissolves  its  own  weight.  During  soli\- 
tion,  it  produces  cold;  and  also  when  mingled  with  pow- 
dered ice,  or  with  snow. 

{e)  The  sublimed  salt  has  an  excess  of  acid ;  a  portion 
of  the  base  being  expelled  by  the  application  of  heat. 

[f)  It  contains,  ^?er  ce?i^.,  55  acid,  14  ammonia,  and  31 
water. 

{g)  It  liquefies,  by  a  gentle  heat;,  and  is  volatilized. 
If  a  stronger  heat  be  applied,  it  is  decomposed.  (See  Mr. 
Hatchett's  paper  in  Philosophical  Transactions,  l7yf>>  or 
Davy's  Researches.) 

(/<)  The  pure  fixed  alkalis,  potash,  and  soda,  seize  the 
sulphuric  acid,  and  set  at  liberty  the  alkali.  Hence  a 
strong  smell  of  ammonia  arises  on  the  admixture  of  pure 
soda  or  potash  witli  this  salt. 

Art.  4. — Sulphate  of  Bai'ytes. 

,  Barytes  has  a  powerful  affinity  for  sulphuric  acid  j  and 
the  combination  of  these  two  bodies  may  be  effected  with 
great  facility. 

(«)  To  a  solution  of  pure  barytes,  add  sulphuric  acici. 
A  white  precipitate  will  appear,  which  is  the  sulphate  of 
barytes. 

(/))  The  same  compound  is  formed,  by  adding  sulphuric. 
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acid  to  carbonate  of  baiytcs,  or  to  a  solution  of  muriate  or 
nitrate  of  barytes. 

(c)  The  sulphate  of  barytes  is  one  of  the  most  insoluble 
substances  that  chemistry  presents,  requiring  for  its  solu- 
tion 43,000  times  its  weight  of  water. 

(d)  Barytes  has  a  stronger  affinity  than  any  other  body 
for  sulpliuric  acid. 

(e)  Owing  to  these  properties  the  solution  of  pure 
barytes,  and  of  the  nitrate  and  muriate  of  barytes,  are  ex- 
cellent and  veiy  sensible  tests  of  sulphuric  acid,  and  of  all 
its  combinations.  Let  a  single  drop  of  sulphuric  acid  fall 
into  a  wine  quait  of  pure  distilled  water.  On  adding  a 
few  drops  of  one  of  the  foregoing  solutions  of  barytes,  a 
precipitation  will  ensue. 

(f)  Sulphate  of  barytes  is  decomposed  by  carbonate  of 
potash.  Boil  the  powdered  sulphate  with  a  solution  of 
twice  or  three  times  its  weight  of  carbonate  of  potash. 
The  carbonic  acid  will  pass  to  the  barytes,  and  the  sulr 
phuric  to  the  potash. 

(g)  By  this  process,  carbonate  of  barytes  may  be  pro- 
cured, for  the  pui-pose  of  preparing  the  pure  earth,  and 
its  various  salts,  when  the  native  carbonate  cannot  be 
had  in  sufficient  abundance.  The  sulphate  is  found,  in 
considerable  quantities,  accompanying  lead  ore,  in  Derby- 
shire and  other  parts  of  England,  where  it  is  known  by 
the  names  of  cawk,  ponderous  spar,  &c.  When  applied 
to  the  purpose  of  obtaining  the  carbonate  of  barytes,  it  is 
to  be  mixed  with  three  or  four  times  its  weight  of  sub-car- 
bonate of  potash,  and  boiled  with  a  proper  quantity  of 
water  for  a  considerable  time,  in  an  iron  kettle,  stirring  it, 
nud  breaking  down  the  hard  lumps,  into  which  it  is  apt  to 
run,  by  an  iron  pestle.  It  is  then  to  be  washed  with  boiling 
^ater,  as  long  as  this  acquires  any  taste.    On  the  addition 
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of  dilute  muriatic  acid,  a  violent  effervescence  will  ensue, 
and  a  considerable  portion  of  the  earth,  probably  along 
with  some  metals,  will  be  dissolved.  To  the  saturated  so- 
lution, add  a  small  jxjrtion  of  pure  ammonia.  This  will 
throw  down  any  metals  that  may  be  present;  and  the 
barytes  may  afterwards  be  precipitated  in  the  state  of  a 
carbonate,  by  a  solution  of  carbonate  of  potash.  Let  the 
,j)recipitated  earth  be  well  washed  with  distilled  water ;  and, 
it'  the  pure  barytes  is  to  be  obtained  from  it,  let  it  be 
treated  as  directed,  chap.  x. 

{h)  Sulphate  of  barytes  is  also  decomposed  when  ig- 
nited with  powdered  charcoal,  which  abstracts  the  oxygen 
of  the  sulphuric  acid,  and  leaves  a  combination  of  sulphur 
and  baiytes.  From  this,  the  barytes  may  be  removed  by 
muriatic  acid,  as  already  directed,  and  the  muriatic  solu- 
tion be  decomposed  by  carbonate  of  potash. 

(?■)  The  sulphate  of  barytes,  when  decomposed  by 
charcoal,  affords  one  variety  of  solar  phosphonis.  This 
pliosphorus  has  been  called,  from  tlie  place  where  the 
sulphate  is  found  from  which  it  was  first  prepared,  the 
Bolognian  phosphorus.  The  native  sulphate,  powdered 
after  being  ignited,  and  finely  sifted,  is  to  be  formed  into 
a  paste  with  mucilage  of  gum  arabic,  and  divided  into 
cylinders  or  pieces  of  one  fourth  of  an  inch  in  thickness. 
These,  after  being  dried  in  a  moderate  heat,  are  to  be 
exposed  to  the  temperature  of  a  wind  furnace,  placed  in 
the  midst  of  the  charcoal.  When  the  fuel  is  half  con- 
sumed, it  must  be  replenished,  and  suffered  to  burn  out. 
The  pieces  will  be  found,  retaining  their  original  shapes, 
among  the  ashes,  from  which  they  may  be  separated  by 
the  blast  of  a  pair  of  bellows,  They  must  be  preserved  in 
a  well-stopped  phial. 

This  phosphorus,  after  being  exposed  a  few  minutes  ta 
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the  smi's  rays,  shines  in  the  dark  fiufficiently  to  render 
visible  the  dial  of  a  watch.  This  property  is  lost  by  re-, 
peated  me,  in  consequence  of  the  oxygenation  of  the  snh 
phur ;  but  may  be  restored  by  a  second  calcination. 

(k)  Sulphate  of  harytes,  when  artificially  fonned  and 
calcined,  contains  in  100  parts, 

Base.  AciJ. 

According  to  Klaproth   .    .    ,    66.55    .  33.45 

 Mr.  A.  Aikin*    .    66.01    .  33.96 

 Mr.  J.  Thomsonf   66.96    ,  33.04 

 Berthollett    .    .    66.50    .  33.50 

The  determination  of  Bcrthollet,  being  nearly  a  mean 
^  of  the  three  last,  may  be  considered  as  sufficiently  accu-. 
rate.  The  results  of  other  chemists,  and  especially  of 
Thenard  and  Chenevix,  are  so  remote  from  the  above,  that 
it  is  probable  some  source  of  fallacy  has  insinuated  itself 
into  their  experiments.  The  native  sulphate,  according  to 
Klaproth,  is  composed  of  one  thi'-d  acid  and  two  thirds 
base.  (Contributions,  i.  377-) 

Art.  5. — Sulphate  of  Strontltes. 

I.  This  salt  resembles,  very  nearly,  the  sulphate  of 
barytes.  It  may  be  formed  hi  a  similar  manner,  by  pour^ 
in^'  the  solution  of  pure  strontites  into  diluted  sulpliuric 
acid,  or  into  the  solution  of  an  alkaline  sulphate ;  for  it 
has  a  stronger  affinity  than  any  of  the  alkalis  for  sulphuric 
acid.    It  is  soluble  in  3840  parts  of  boiling  water. 


*  Nicholson's  Journal,  xxii.  301. 
f  Nicholson's  Journal,  xxiii.  174-. 
1  Memo  ires  d'Arcueil,  ii. 
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11.  The  sulphate  of  stroiitites  is  also  found  native  in  con- 
siderable quantities  5  chiefly  at  A  ust  Passage,  and  at  other 
places  in  the  neighbourhood  of  Bristol.  As  the  native 
carbonate  is  now  becoming  scarce,  tiiis  compound  may  be 
advantageously  employed  for  procuring  artificial  carbonate 
of  strontites.  The  process  is  preciiicly  similar  to  that  al- 
ready prescribed  for  decomposing  the  sulphate  of  bar}'tes. 
(Art.  4,  5-.) 

According  to  a  considerable  majority  of  the  chemists  who 
have  analyzed  it,  it  consists  of 

42  acid 

58  strontites 

100 

Vauquelin,  however,  has  stated  that  it  is  composed  of 
4G  acid  and  51  base, 

Art.  6. — Sulj}hatc  of  Lime. 

I.  The  sulphate  of  lime  is  formed,  by  adding  tp  the 
carbonate  a  sufficient  quantity  of  sulphiuic  acidj  and  by 
gently  calcining  the  residue,  to  expel  the  redundancy  of 
the  latter  acid.  It  is  also  found  native,  in  great  abundance, 
under  the  names  of  gypsum,  plaster  of  Paris,  &c. 

II.  It  has  the  following  properties : 
1.  It  is  insipid  and  free  from  smell. 

1.  It  is  difficultly  soluble,  requiring  500  times  its  weight 
of  cold  water,  or  450  of  hot  water. 

3.  It  is  fusible  by  a  moderate  heat.  When  sulphate  of 
lime,  which  has  been  dried  at  160°  Fahrenheit,  is  ex- 
posed  to  a  low  red-heat,  it  loses  22  per  cent,  of  its  weight, 
consisting  entirely  of  water.  After  calcination,  it  absorbs 
Vater  rapidly,  and  forms  a  good  cement. 
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4.  It  is  decomposed  by  carbonates  of  alkali,  a  double 
exchange  of  principles  ensuing.  Hence  the  niilkiness 
which  ensues  on  adding  carbonate  of  potash  to  most 
spring  waters ;  the  carbonate  of  lime,  which  is  generated, 
being  less  soluble  than  the  sulphate.  Hence,  also,  hard 
waters,  which  always  contain  sulphate  of  lime  in  solution, 
curdle  soap,  the  alkali  of  which  is  detached  by  the  sul- 
phuric acid,  and  the  oil  is  set  at  liberty. 

5.  It  is  decomposed  by  ignition  with  charcoal,  which 
separates  the  oxygen  of  the  sulphuric  acid,  and  leaves  a 
combination  of  lime  with  sulphur. 

By  dissolving  100  grains  of  calcined  sulphate  of  lime  in 
boiling  distilled  water,  and  adding  muriate  of  barytes,  I 
obtained  a  precipitate,  which,  when  well  washed,  dried, 
and  calcined  in  a  low  red-heat,  weighed  175.9.  Hence 
100  parts  of  calcined  sulphate  of  lime  must  contain  very 
nearly 

59  sulphuric  acid 
41  lime 

100 

This  determination  very  nearly  agrees  with  that  of  Mr. 
James  Thomson,  who  has  given,  instead  of  the  above 
numbers,  58  acid,  and  4i?  base.  (Nicholson's  Journal, 
xxiii.  182.) 

Art.  7- — Sulphate  of  Magnesia. 

I.  When  highly  concentrated  sulphuric  acid  is  suddenly 
added  to  fresh  prepared  and  pure  magnesia,  prodigious 
heat  and  vapour  are  excited,  and  are  accompanied  fre- 
quently with  an  extrication  of  light.  This  appearance 
was  first  observed  by  VVestrumb. 
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II.  If  the  carbonate  of  magnesia  be  added  to  diluteti 
sulphuric  acid,  the  carbonic  acid  is  expelled,  and  a  solu-- 
tion  of  sulphate  of  magnesia  is  formed,  which  crystallizes 
on  cooling.  Crystals  of  sulphate  of  magnesia  may  also 
be  procured  in  the  shops,  under  the  name  of  Epsom  salt. 

III.  These  crystals  have  the  following  properties : 

1.  They  have  the  form  of  small  quadrangular  prisms, 
surmounted  by  quadrangular  pyramids  with  dihedral  sum- 
mits. 

2.  At  the  temperature  of  60°,  this  salt  is  soluble  in  an 
equal  weight  of  cold  water,  and  in  three  fourths  its  weight 
of  boiling  water,  which  thus  receives  an  addition  of  one 
fourth  of  its  bulk. 

3.  It  effloresces  in  the  air,  and  is  slowly  reduced  to 
powder.  When  exposed  to  a  low  red-heat,  it  undergoes 
the  watery  fusion,  but  is  not  volatilized.  It  loses,  how- 
ever, about  one  half  its  weight,  which  is  water  of  crystalli- 
zation. 

4.  One  hundred  grains  of  sulpWte  of  magnesia,  de- 
prived, by  calcination  in  a  low  red-heat  of  its  water  of 
crystallization,  afforded  me  200  grains  of  sulphate  of 
barytes  when  precipitated  by  the  muriate  of  the  latter 
earth.  Hence  100  grains  of  dry  sulphate  of  magnesia  are 
composed  of  G7  acid  and  33  magnesia,  and  tlie  crystallized 
salt,  supposing  it  to  contain  half  its  weight  of  water,  will 
consist  in  100  parts  of 

50  water 

33.5  sulphuric  acid 

16.5  magnesia 

5.  It3  solution  is  precipitated  by  carbonates  of  potash 
and  of  soda;  but  not  by  carbonate  of  ammonia,  unless 
heat  is  applied.    The  cav-jonate  of  magnesia  of  the  shops- 


SKCT.  IV. 


SULPHATES. 


383 


is  prepared,  by  mixing  together  concentrated  and  hot  so- 
lutions of  carbonate  of  potash  and  sulphate  of  magnesia. 
The  sulphate  of  potash,  thus  formed,  is  removed  by  copi- 
ous washing  with  water,  and  the  carbonate  of  magnesia  is 
then  dried.  The  proportions  employed  arc  filtered  solu- 
tions of  equal  weights  of  the  two  salts,  each  in  its  own 
weight  of  boiUng  water.  One  hundred  parts  of  tlie  desi- 
cated  sulphate  give  about  71  of  sub-carbonate  of  mag- 
nesia, or  about  S 1  .(>  of  the  pure  earth. 

6.  When  a  dilute  solution  of  carbonate  of  soda  is  mixed 
with  a  dilute  solution  of  sulphate  of  magnesia,  and  the 
sub-carbonate  which  is  formed,  if  any,  is  separated  by  fil- 
tration, crystals  of  carbonate  of  magnesia,  after  some  time, 
shoot  in  the  liquid,  containing  a  larger  proportion  of  car- 
bonic acid,  and  already  described,  chap.  x.  sect.  4 .  When 
solution  of  pure  ammonia  is  added  to  that  of  sulphate  of 
magnesia,  part  of  the  earth  is  precipitated.  The  rest  re- 
mains in  solution,  and,  by  evaporation,  a  triple  salt  is 
formed  consisting  of  sulphuric  acid,  magnesia,  and  ammo- 
nia, and  called  ammoniaco-magyiesian  sulphate. 

Art.  8. — Sulphate  of  Alumine. 

The  properties  of  this  salt  may  be  exhibited  by  those  of 
the  common  alum  of  commerce  ;  though,  as  will  after- 
wards appear,  alum  is  not  merely  a  combination  of  this 
earth  with  sulphuric  acid;  but  is  a  triple  salt,  composed 
either  of  sulphuric  acid,  alumine  and  potash;  or  of  sul- 
phuric acid,  alumine,  and  ammonia.  It  has  the  following 
characters. 

(«)  It  has  a  sweetish  astringent  taste. 

Qj)  It  dissolves  in  water,  five  parts  of  which,  at  60°j, 
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take  up  one  of  the  salt,  but  hot  water  dissolves  about  three 
fourths  of  its  weight. 

((■)  Tliis  solution  reddens  vegetable  blue  colours;  which 
proves  the  acid  to  be  in  excess. 

(d)  When  mixed  with  a  solution  of  carbonate  of  potasli^ 
an  eft'erveseence  is  produced  by  the  uncombined  acid,- 
which  also  prevents  the  first  portions  of  alkali,  that  are 
added  to  a  solution  of  sulphate  of  alumine,  from  occasion- 
ing any  precipitate. 

(e)  On  a  farther  addition  of  alkslij  the  alumine  is  pre- 
cipitated. 

(f)  Sulphate  of  alumine,  when  heated,  swells  up,  loses 
its  regular  form,  and  becomes  a  dry  spongy  mass;  buty 
according  to  Vauquclin  {Annales  de  Chimie,  xxxvii.  91), 
the  whole  of  its  acid  cannot  thus  be  expelled. 

{g)  The  combination  of  sulphuric  acid  with  alumine  is 
incapable  of  crystallizing  without  an  admixture  of  sul- 
phate of  potash,  which  forms  a  constituent  of  all  the  alum 
of  commerce.  According  to  Vauquelin,  1 00  parts  consis* 
of  49  dvy  sulphate  of  alumine,  7  sulphate  of  potash,  and 
44  water.    Or  100  grains  are  composed  of 

Acid    .  .  30.52 

Alumine  .  10.50 

Potash  .  .  10.40 

Water  .  .  48.58 

100.00 

The  acid,  perhaps,  in  the  above  estimate,  is  rated  a  little 
too  low;  for  alum,  when  jirccipitatcd  by  muriate  of 
l)arytes,  gives,  as  nearly  as  possible,  an  equal  weight  of 
Bulj^hate  of  barj-tes,  100  grains  of  which  contain  33.5  of 
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sulphuric  acid,  the  quantity,  tlierefore,  present  in  106 
paits  of  alum. 

Common  alum  may  be  brouglit  to  the  state  of  a  satu- 
rated salt  by  boiling  its  solution  with  pure  .ind  fresh  pre- 
cipitated aluinine.  The  compound  has  the  form  of  a 
white  and  tasteless  powder,  very  sparingly  soluble  in  water, 
not  crystallizable,  and  not  fusible  when  heat  is  applied. 

(//)  Alum  is  decomposed  by  chaicoal,  which  combines 
with  the  oxygen  of  the  sulphuric  acid,  atid  leaves  the 
sulphur  attached  to  the  alumine.  A  combination  of  alu- 
uiine,  sulphur,  and  charcoal,  forms  the  pyrophnrm  of 
Homherg.  To  prepare  this,  equal  parts  of  powdered  alum 
and  brown  sugar  are  melted  over  the  fire,  and  are  kept 
^irring  till  reduced  to  dryness.  The  mixture,  when  cold, 
is  to  be  finely  powdered,  and  introduced  into  a  common 
phial,  coated  witli  clay,  to  which  a  glass  tube,  open  at 
each  end,  is  to  be  luted,  to  allow  the  escape  of  the  gases 
.  that  arc  produced.  The  phial  must  then  be  set  in  the 
fire,  surrounded  by  sand,  in  a  crucible.  Gas  will  issue 
from  the  open  end  of  the  tube^  and  may  be  inflamed  by  a 
lighted  paper.  When  this  ceases  to  escape,  the  crucible 
may  be  removed  from  the  fire,  and  a  little  moist  clay 
pressed  down  upon  the  open  end  of  the  tube,  to  prevent 
the  access  of  air  to  the  contents  of  the  phial.  When  cold, 
the  tube  may  be  removed,  and  a  cork  substituted  in  its 
place.  The  principal  dilTiculty  in  the  process,  is  to  stop 
it  precisely  at  the  period,  when  the  pyi'ophorus  is  formed; 
ftjr  if  the  heat  be  continued  longer,  the  sulphur  will  be 
sublimed,  and  the  preparation  spoiled. 

The  pyrophorus  thus  formed  Is  a  black  and  light  pow- 
der, which  instantly  takes  fire  when  poured  out  of  the 
bottle  into  the  air,  and  inflames  suddenly  in  OKVgen  gas, 
Sulphate  of  potash  appears  to  be  essential  to  its  production^, 
vol..  I,  2  c 
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and  hence  the  sulphuret  of  potasli  is  a  necessary  ingre- 
dient. From  the  recent  discoveries  of  Mr.  Davy,  it  ap-- 
pears  not  improbable  that  this  pyrophorus  may  contain 
sulphuret  of  potassium.  The  principal  part  of  the  pheno- 
mena, however,  are  owing  to  the  combustion  of  an  ex- 
tremely light  and  finely  divided  charcoal. 

Art.  9. — Sulj^hate  of  Glucine. 

Glucine  combines  readily  with  sulphuric  acid,  both  ir» 
its  pure  and  carbonated  state.  The  resulting  salt  is  ex- 
tremely soluble  J  insomuch  that,  wlien  evaporated,  it  as- 
sumes the  form  of  a  syrup,  without  crystallizing.  Its  taste 
is  sweet,  and  rather  astringent.  It  is  decomposed  entirely 
in  a  high  temperature,  the  earth  being  left  in  a  state  of 
purity.  It  is  also  destroyed  by  ignition  with  charcoal.  It 
does  not  yield  its  earthy  ingredient  to  any  of  the  acids ; 
but  is  decomposed  by  all  ths  alkalis  and  earths,  alumine 
excepted. 


Art.  10. — Sulphate  of  Zrrco?i. 

To  effect  tlie  combination  of  zircon  with  any  acid,  this 
earth  should-  be  fresh  precipitated ;  for,  after  being  dried, 
it  enters  with  difficulty  into  union. 

The  salt,  resulting  from  the  union  of  sulphuric  acid 
with  zircon,  is  white,  insoluble,  and  without  taste.  It  is 
decomposed  by  a  high  temperature,  which  expels  the  acid, 
and  leaves  the  zircon  pure.  It  is  not  changed  by  other 
acids,  but  yields  its  sulphuric  acid  to  the  alkalis,  and  to 
most  of  the  earths. 
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Art.  1 1. — Sulphate  of  Yttria, 

Sulphuric  acid  readily  dissolves  yttria,  and  caloric  is 
evolved  duriug  the  process.  As  the  solution  goes  on,  the 
sulpluite  crystallizes  in  small  brilliant  grains,  which  have 
a  sweetish  taste,  but  less  marked  than  that  of  the  sulphate 
of  glucine.  Their  colour,  is  a  light  amethyst  red*  They 
recpiire  30  parts  of  water,  of  the  temperature  of  60°,  for 
solution,  and  give  up  their  acid  when  exposed  to  a  high 
temperature.  ^Jliey  are  decomposed  by  oxalic  acid,  prus- 
siate  of  potash,  infusion  of  galls,  and  phosphate  of  soda. 


SECTION  V. 

Sulpltites. 

1.  The  combination  of  sulphurous  acid  with  alkaline 
and  earthy  bases,  may  be  e  fleeted  by  passing  the  gas,  as  it 
proceeds  from  the  materials  (sect.  2,  A),  through  the  base, 
dissolved  or  diffused  in  water.  An  intermediate  vessel 
may  be  placed,  as  represented,  fig.  30  and  31,  to  condense 
any  sulphuric  acid  that  may  pass  over ;  and  the  solution 
of  the  alkali  or  eartli  may  be  contained  in  a  bottle  with 
two  necks.  Pure  potash,  soda,  or  ammonia,  are  readily 
kept  in  solution :  but  barjtes  or  strontites  must  be  dis- 
solved in  boiling  water ;  and  the  bottle  containing  them 
nuist  be  sunoundcd  with  hot  water,  while  the  gas  is  trans- 
mitted tlu-ough  the  solution.  The  solution,  when  satu- 
rated with  gas,  may  be  evaporated ;  and  this  is  best  done  in 
an  alembic,  covered  with  its  capital,  because  the  salts  of 
this  class  are  changed  by  the  action  of  the  atmosphere. 

U.  Tlie  sulphites  have  no  pecuUai  ly  interesting  proper^^ 
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ties,  that  can  entitle  them  to  minute  and  specific  descrip- 
tion, in  a  work  devoted  solely  to  the  students  of  chemical 
science.  1  shall  enumerate,  therefore,  only  the  principal 
ones ;  and  refer,  for  farther  information,  to  the  2d  and 
24th  volumes  of  the  Annales  de  Clnmie^  and  to  Dr.Thom- 
son's  memoir  in  Nicholson's  Journal,  vi.  94.  Their  ge- 
neral qualities  are  the  following: 

1 .  They  have  a  disagi-ceahle  taste  and  smell,  resem.bling 
that  of  the  fumes  of  burning  sulphur. 

2.  When  heated,  they  emit  sulphurous  acid  and  water, 
and  then  sulphur,  which,  on  the  application  of  an  inflamed 
substance,  takes  fire,  and  burns  violently.  ^ 

3.  Exposed  to  the  atmosphere,  in  a  state  of  solution, 
they  absorb  oxygen,  and  are  slowly  changed  into  sulphates. 

4.  When  added  to  nitric  acid,  red  fumes  arise,  and  the 
salts  become  sulphates.  Oxygenized  muriatic  acid  pro- 
duces the  same  efifcct.  Concentrated  sulphuric  acid  ex- 
pels sulphurous  acid  gas,  which  may  be  collected  o\'cr 
mcrcurv. 

5.  When  perfectly  pure,  sulphites  are  not  precipitated 
by  a  solution  of  pure  barytes  or  sti'ontitcs,  or  by  any  of 
the  salts  with  base  of  either  of  those  eartlis.  If  a  precipi- 
tation ensue,  it  indicates  the  presence  of  a  portion  of 
sulphate. 

iSuLPHiTE  OF  roTASii  crystallizcs  in  the  form  of 
lengthened  rhomboidal  plates,  or  of  needles,  which  have 
sometimes  a  slight  yellowish  tinge.  It  has  a  pungent  and 
sulpiiurous  taste,  and  is  soluble  in  an  equal  wxight 
of  cold,  or  in  less  than  an  equal  weight  of  boiling 
Wirter.  At  the  temperature  of  ."i(X)°  Fahrenheit,  it 
loses  only  about  2  per  cent. ;  but  when  more  strongly 
heated,  the  salt  is  decomposed,  and  sustains  a  loss  of  about 

per  icnt.,  of  whict  1-5  are  sulphurous  acid,  5  sidphur. 
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and  2  water.  When  thrown  into  a  red-hot  ciiiciblt^,  a 
blue  flame  arises  from  it,  and  its  weight  is  diminished  in  the 
proportion  whicli  has  just  been  stated,  Wl^ni  its  solution 
is  exposed  to  the  air,  the  salt  slowly  attracts  oxygen,  and  is 
converted  into  sulphate  of  potash.  Tnis  change  goes  on 
more  rapidly  in  oxygen  gas ;  or  when  it  is  mixed  with  any 
substance  holding  oxygen  in  loose  combination,  as  nitrie 
or  oxymuriatic  acid.  It  contains,  in  100  parts,  from 
Dr.  Thomson's  experiments, 

43.5  acid 

51.5  potash 
2  water 

100 

Sulphite  of  soda  forms  compressed  tetrahedral  prisms 
with  dihedral  summits.  It  requires  for  solution  less  than 
its  own  weight  of  boiling  water,  or  four  times  its  weight  of 
cold  water.  It  effloresces  in  the  air,  but  much  less  per- 
fectly than  the  sulpliate  of  soda.  It  is  composed,  accord- 
ing to  Dr.  Thomson,  of 

31  acid 
18  soda 
51  water 

100 

Sulphite  op  ammonia  crystallizes  in  hexahcdral 
prisms  terminated  by  pjTamids  with  the  same  number  of 
sides,  or  in  rhomboidal  prisms  with  trihedral  summits.  It 
is  soluble  in  an  equal  weight  of  cold  water,  or  in  less  than 
an  equal  weight  of  boiling  water.  It  deliquiates  in  the  at- 
mosphere, and  absorbing,  oxygen  is  changed  into  sulphate 
pf  ammonia,  which  becomes  dry. 

Sulphite  of  BARTfESj  like  the  salt  formed  by  uniting 
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the  same  base  with  sulphuric  acid,  is  almost  insoluble. 
When  united  with  an  excess  of  sulphurous  acid,  however, 
(which  may  be  done  by  dissolving  the  white  jjowder,  that  is 
first  formed,  in  liquid  sulphurous  acid,)  it  forms  a  crystal- 
li'/able  salt,  still  of  sparing  solubility.  The  solution  of  this 
salt  may  be  advantageously  used  to  purify  the  solution  of 
any  sulphite  from  sulpiiuric  acid,  which  it  precipitates  in 
tlie  state  of  an  insoluble  sulphate  of  barytes. 

Sulphite  of  lime  is  also  i!isoluble,  but  may  be  crys- 
tallized by  being  first  dissolved  in  liquid  sulphurous  acid. 
In  this  state  it  requires  800  parts  of  water  for  solution. 

Sulphite  of  magniesia  differs  from  the  sulphate  of  this 
earth  in  being  vastly  less  soluble  in  water,  of  which  it  re-  ' 
quires  20  parts  at  the  common  temperature.    Hot  water 
takes  up  a  farther  portion,  which  is  deposited  on  cooling. 

Sulphite  of  alumine  is  not  crystallizable,  but  has  the 
form  of  a  white  soft  powder,  insoluble  in  water,  but  soluble 
in  an  excess  of  acid.  It  consists,  according  to  Dr.  Thorn-* 
son,  of 

32  acid 
44  alumine 
24  water 

100 
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Binary  Cumjmmds  of  Sulphur.-^  1st,  TFith  Aikalis-^ 
2dy  IFith  Hydrogen, 

Art.  l.-r^ Sulphurets, 

I.  The  Gomblnation  of  sulphur,  with  the  fixed  alkalis 
ftnd  earths,  may  be  formed  by  fusing  together,  in  a  covered 
crucible,  equal  parts  of  sulphur  and  the  respective  alkali  or 
earth  with  which  it  is  to  be  combined.  The  compound  is 
to  be  poured,  when  in  a  state  of  fusion,  into,  an  iron  dish, 
or  upon  a  smooth  stone ;  and  preserved  in  a  well-closed 
bottle.  These  compounds  have,  for  the  most  part,  a  red- 
dish brown  or  liver  colour;  and  hence  were  formerly 
called  Itepars  or  livers  of  sulphur,  Tliey  may  be  formed, 
also,  by  fusing  the  alkaline  or  earthy  sulphates  with  pow- 
dered charcoal ;  but  in  this  case,  the  sulphuret  generally 
contains  a  portion  of  carbonic  acid,  and  also  of  charcoal. 

Sulphuret  of  lime,  when  intended  for  the  purpose  of 
Catitoti's  phosphoiniSj  is  best  prepared, by  placing,  in  a  cru- 
cible, alternate  strata  of  calcined  and  pounded  oyster-shells 
and  sulphur ;  exposing  them  to  a  moderate  heat ;  and  then 
confining  them  in  a  bottle  with  ground  stopper.  Or,  ac- 
cording to  the  original  directions  of  Canton,  tluee  parts  of 
oyster-shells,  calcined  for  about  an  hour  and  pulverised,  are 
to  be  mixed  with  one  of  sulphur,  and  rammed  tightly  into 
^  crucible,  which  is  to  be  kept  red-hot  for  about  an  hour. 
The  compound,  when  cold,  has  the  properties  already  as-, 
signed  to  the  Bolognian  pho.-pliorus. 
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11.  Sulphurets  have  the  following  properties  : 
(a)  In  a  moist  state  they  emit  an  offensive  smell,  and 
have  a  disagreeable  taste. 

(/>)  They  change  to  green  the  colour  of  violets,  in  the 
game  manner  as  uncombiiied  alkalis. 
-  (c)  Tliey  blacken  the  skin,  silk,  and  other  animal  sub- 
stances. 

(d)  They  are  decomposed  by  all  acids.  Into  a  Nooth's 
machine  put  a  weak  solution  of  sulphuret  of  alkali,  and 
pass  through  it  streams  of  carbonic  acid  gas.  In  the 
course  of  a  few  days,  the  sulphur  will  be  precipitated,  and 
a  caibonate  of  alkali  will  be  obtained.  This  decomposi- 
tion ensues,  instantly,  on  adding,  to  a  solution  of  sulphuret, 
any  of  the  stronger  acids,  as  the  sulphuric,  nitric,  or  mu- 
riatic ;  and  we  obtain  a  compound  of  the  alkali  with  the 
respective  acid  employed. 

(e)  The  liquid  sulphurets  absorb  oxygen  gas.  This 
may  be  shown  by  the  experiments  already  described 
(chap.  v.).  If  the  change  thus  effected  be  examined,  it 
will  be  found  that  the  oxygen  has  combined  with  the  sul- 
phur, and  formed  sulphuric  acid,  which,  uniting  with  the 
alkali,  has  composed  the  sulphate  of  potash. 

(f)  If  dilute  muriatic  acid  be  poured  on  the  solution  of 
sulphuret  of  potash  or  soda,  a  violent  effervescence  will 
ensue,  and  a  very  offensive  gas  be  disengaged.  This  gas 
may  be  collected  over  witer.  It  is  termed  sulphuretted 
hydrogen  gas. 
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Art.  2. — Sulphuretted  Hi/drogen  Gas. 

I.  This  gas  may  be  obtained  in  the  foregoing  manner, 
or  from  a  mixture  of  three  parts  by  weight  of  iron  filings, 
and  one  of  sulplmr,  previously  melted  together  in  a  co- 
vered crucible.  A  portion  of  the  fused  mass  may  be  put 
into  a  gas  bottle,  and  diluted  sulphuric  or  muriatic  acid 
poured  on  it,  which  will  extricate  the  sulphuretted  hy- 
drogen gas. 

Sulphuretted  hydrogen  gas  may  be  formed,  also,  by 
simply  heating  sulphur  in  a  retort  along  with  hydrogen 
gas.  By  thus  dissolving  sulphur,  the  bulk  of  the  hydrogen 
gas  ii  not  at  all  altered. 

When  metals  are  heated  with  sulphur,  at  the  moment  of 
combination  sulphuretted  hydrogen  gas  is  evolved. 

il.  Its  properties  are  the  following : 

(a)  Its  smell  is  extremely  offensive,  resembling  that  of 
putrefying  eggs. 

[h)  It  is  inflammable,  and  burns  either  silently  or  with 
an  explosion,  according  as  it  is  previously  mixed,  or  not, 
with  oxj'gen  gas  or  atmospheric  air.  During  this  com- 
bustion, water  results  from  the  union  of  the  hydrogen  with 
the  oxygen,  and  sulphuric  and  sulphurous  acids  from  that 
of  the  oxygen  and  sulphur. 

When  three  parts  of  sulphuretted  hydrogen  are  mingled 
with  two  of  nitrous  gas,  the  mixture,  on  being  inflamed, 
burns  with  a  yellowish  green  flame. 

{c)  It  tarnishes  silver,  mercury,  and  other  polished  me- 
tals, and  instantly  blackens  white  paint. 

((/)  It  is  absorbed  by  water,  which  takes  up  its  own  bulk, 
and  thus  accpiires  tlie  peculiar  smell  of  the  gas.    It  is  this 
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pas  which  gives  to  the  Harrogate,  and  some  other  natural 
waters,  their  disagreeable  odour. 

(<?)  Water,  saturated  with  this  gas,  reddens  the  infusion 
of  violets,  in  this  respect  producing  the  effect  of  an  acid. 
Prom  this  and  other  properties,  some  of  the  German  che- 
mists have  proposed  for  it  the  name  of  hydrothionic 
mcid. 

(f)  Water  impregnated  with  sulphuretted  hydrogen, 
when  exposed  to  the  atmosphere,  becomes  covered  with  a 
pellicle  of  sulphur.  Sulphur  is  even  deposited  when  th? 
water  is  kept  in  well-closed  bottles. 

(g)  On  tlie  addition  of  a  few  drops  of  nitrio  or  witrous 
acid  to  the  wateiy  solution,  sulplmr  is  instantly  precipi-t 
tatcd.  In  this  case  the  oxygen  pf  the  acid  combines 
with  the  hydrogen  of  tjie  gas,  ai\d  the  sulphur  is  sepa-r 
rated. 

(h)  This  gas,  as  \a  ill  afterwards  appear,  is  decomposed 
by  mixture  with  oxygenized  muriatic  acid  gas ;  and  sulphur 
is  precipitated. 

(i)  It  is  decomposed  also  when  kept  in  a  state  of  mix- 
ture witli  atmospheric  air,  the  oxygen  of  which  combines 
with  the  hydrogen,  and  forms  water,  while  the  sulphur  Is 
precipitated. 

(k)  A  succession  of  electric  explosions  throws  down  sul- 
phur from  it,  and  the  volume  of  the  gas  remains  unalt 
tered, 

(I)  When  sidphuretted  hydrogen  gas  and  sulphurous 
acid  gas  are  mingled  together,  the  hydrogen  of  the  former 
unites  with  the  oxygen  of  the  latter,  and  the  sulphur  of 
both  is  precipitated. 

(w)  It  is  decomposed  when  passed  over  ignited  char- 
coal;, and  is  converted  into  caiburetted  hydrogen  gas. 
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(n)  Sulphuretted  hydrogen,  accorduig  to  Thenard,  k 
conr^x)sed,  in  100  parts,  of  29  hydrogen,  arid  71  sulphur, 
One  hundred  cubic  inches  weigh  38,17,  Mr,  Kirwan 
(Philosophical  Transaclions,  17BG)  states  the  weight  of 
the  same  quantity,  at  the  temperature  of  G0°,  and  under 
30  inches  pressure,  at  only  34.286  grains.  From  his  exr 
peri.mentSj  also,  100  grains  should  consist  of 

89  sulphur 
1 1  hydrogei) 

100 

This  rasult  dilFers  so  considerably  from  Thenard's,  that  one 
or  both  may  be  suspected  of  inaccuracy. 

From  the  late  experiments  of  Mr.  Davy  (Philosophical 
Transactions),  it  appears  that  sulpliuretted  hydrogen  conr 
tains  a  volume  of  hydrogen  equal  to  its  own.  He  consi- 
ders 100  cubical  inches  as  weighing  35  grains;  from  which 
it  may  be  concluded  that  100  parts  contain  about  6,5  hy- 
drogen and  94.5  sulphur. 

(o)  It  precipitates,  both  in  the  state  of  a  gas  and  of 
wq+ery  impregnation,  all  metallic  solutions,  excepting  those 
of  iron,  nickel,  cobalt,  manganese,  titanium,  and  molyb- 
dena. 

(p)  It  is  copiously  absorbed  by  alkalis,  and  by  all  the 
earths,  excepting  alumine  and  zircon.  ThcsJ  alkaline  and 
earthy  combinations  are  termed  hydro-sulphurets. 

Some  very  ciu^ious  phenomena  were  observed  by  Mr, 
Davy  in  his  experiments  on  the  action  of  potassium  on 
sulphuretted  liydrogen,  which  seem  to  show  that  eitlicr 
the  gas  itself,  or  the  sulphur  dissolved  in  it,  may  confain 
p?iygen  as  one  of  its  elements. 
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Potassium  Ijurns  brilliantly  when  heated  in  sulphuretted 
hydrogen,  and  its  inflammability  is  destroyed  in  the  pro- 
cess, :md  it  becomes  a  sulphuret,  which  from  its  prc^ertie- 
would  appear  slightly  oxygenated. 

Art.  3. — Hydro-Suljyhurets. 

In  its  union  with  alkaline  and  earthy  bases,  sulphuretted 
hydrogen  seems  to  perform,  in  a  great  measure,,  the 
functions  of  an  acid  ;  and  presents,  therefore,  an  important 
exception  to  the  doctrine  of  acidification;  for,  in  this 
instance,  a  body,  which,  if  it  contain  oxygen  at  all,  con- 
tains it  only  in  very  minute  proportions,  possesses  some 
of  the  most  important  characters  of  an  acid,  viz.  the 
property  of  changing  vegetable  blues  to  red,  and  of  uniting 
with  alkalis. 

I.  The  hydro-sulphurets  may  be  formed,  by  transmitting 
sulphuretted  hydrogen  gas,  as  it  issues  from  the  materials 
that  afford  it,  through  a  solution  of  the  alkaline  or  earthy 
base.  Or  the  base,  when  insoluble,  must  be  kept  suspended 
in  water  by  mechanical  agitation. 

II.  Tlie  hydro-sulphurets  have  several  qualities  common 
to  the  whole  genus. 

1 .  They  are  all  soluble  in  water,  and  the  recent  solution 
is  colourless."  By  exposure  to  the  air,  however,  it  first 
becomes  green,  or  greenish  yellow,  and  deposits  sulphur 
on  the  sides  of  the  vessel.  The  glass  bottle,  containing 
tlie  solution,  becomes  black  on  its  inner  surface,  in  conse- 
quence of  the  combination  of  sulphur  with  the  oxide  of 
lead  contained  in  the  glass. 

2.  After  long  exposure  to  the  atmosphere,  the  solution 
entirely  loses  its  colour,  and  again  becomes  perfectly 
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Jiinpld.  When  examined,  it  is  found  to  consist  of  a  com  • 
biimtion  of  sulphuric  acid  with  the  peculiar  base  of  the 
hydro-sulphuret.  This  is  owing  to  the  absorption  of 
oxj'gen,  which  all  hydro-sulpiiurets  take  from  the  atmo- 
sphere ;  the  formation  of  a  sulphite ;  and  the  conversion  of 
this,  by  farther  oxygenation,  into  a  sulphate.  Hence, 
when  confined  in  contact  with  a  limited  quantity  of  at- 
mospherical air,  hydro-sulphurets  effect  a  diminution  of 
volume ;  and  may  be  employed  to  ascertain  its  proportion 
of  oxygen.    They  entirely  absorb  pure  ox}'gen  geis. 

3.  When  an  acid  is  poured  on  any  of  the  hydro-sul- 
phurcts,  the  sulphuretted  hydrogen  gas  is  disengaged  and 
no  sulphur  is  deposited.  This  non-precipitation  of  sulphur 
distinguishes  hydro-sulphurets,  both  from  sulphurets,  and 
Lydroguretted  sulphurets.  The  acid  employed  should  be 
one  which  strongly  retains  its  oxygen,  such  as  the  sulphuric 
or  muriatic;  otherwise  it  will  probably  be  decomposed. 
A  hydro-sulphuret,  which  has  been  a  few  days  exposed  to 
the  air,  yields,  by  this  treatment,  sulphurous  acid  gas,  along 
with  sulphuretted  hydrogen. 

4.  The  solutions  of  hydro-sulphurets  precipitate  all 
metallic  solutions.  Tliey  also  precipitate  alumine  and 
zircon  from  their  solutions,  but  no  other  earths. 

5.  The  hydro-sulphurets  are,  for  the  most  part,  susceptible 
•f  a  regularly  crystallized  form. 

HyDRO-suLPHURET  OF  POTASH  forms  hugc  transparent 
crystals  not  unlike  in  size  those  of  sulphate  of  soda,  but 
having  the  shape  of  four-sided  prisms,  acuminated  with 
tour  planes;  or  of  six-sided  prisms  acuminated  by  six 
planes.  It  is  deliquescent,  and  affords  a  thick  syrupy 
liquor,  which  gives  a  green  colour  to  the  skin.  It  dissolves 
readily  in  water  and  alcohol,  producing  cold.  ^Vhol\ 
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dilute  acids  are  add^fl  to  the  solution,  a  brisk  cifervesccncc 
is  excited,  but  no  sulphur  is  deposited. 

HvDRo-suLPHURET  OF  SODA  is  a  compouud,  which 
derives  some  importance  fivni  its  being  produced  along 
with  carbonate  of  soda,  in  several  processes  for  decom- 
posing the  sulphate  of  soda*.  It  is  transparent  at  first, 
colourless,  and  crystallized  in  four-sided  prisms  acuminated 
by  four  planes.  It  has  an  acrid  and  alkaline  taste,  which 
soon  becomes  very  bitter.  Its  solution  is  colourless,  but 
tinges  the  skin  or  paper  green.  It  effervesces  briskly  with 
acids,  and  no  sulphur  is  deposited  unless  the  nitric  or 
oxymuriatic  acids  are  added,  which  oxidate  the  hydrogen, 
and  throw  down  sulphur. 

Vauquelin  has  proposed  to  distinguish  these  two  sul- 
phurets,  which  so  closely  resemble  each  other,  by  the 
following  test.  The  hydro-sulphuret  of  potash,  when 
added  to  a  sohition  of  sulphate  of  alumine,  occasions  a 
ciystallization  of  alum;  but  that  of  soda  has  no  such 
action. 

Hydro-sulphuret  or  ammonia  may  be  formed  by 
the  direct  mixture  of  sulphuretted  hydrogen  and  am- 
inoniacal  gases  over  mercury.  But,  for  all  practical  uses, 
it  is  better  prepared  by  putting  a  solution  of  pure  ammonia 
into  the  middle  of  a  Noolh's  machine,  and  jiassing  through 
it  streams  of  sulphuretted  hydrogen  gas,  till  the  liquid 
acquires  a  yellowish  colour.  In  this  state,  it  constitutes 
the  hepatized  ammonia,  so  strongly  recommended  as  a 
remedy  of  diabetes. 

Hydro-sulphuhkts  of  barytbs  and  stroniites 


*  Annalcs  dc  Chhnie,  lx;v,  .>o. 
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are  crystallized  salts,  having  a  white  silky  lustre,  and 
readily  soluble  in  water*. 

Hydro-sllphuret  op  lime,  formed  by  transmitting 
sulphuretted  hydrogen  through  water,  in  which  lime  is 
kept  mechanically  suspended,  composes  a  crystalli/ablc 
salt,  soluble  in  water ;  and  having  the  general  properties  of 
hydro-sulphurets. 

Art.  4. — Super-Sulpliuretted  Hi/drogeTiy  and  Ht/dro- 
gurettcd  iSulphurets.  • 

Super-sulphuretted  hydrogen  is  obtained,  when  hydro- 
sulphuret  of  potash  is  poured,  by  little  and  little,  into 
muriatic  acid.  A  very  small  portion  only  of  gas  escapes ; 
and  while  the  greater  part  of  the  sulphur  separates,  one 
portion  of  it  combines  with  the  sulphuretted  hydrogen ; 
assumes  the  appearance  of  an  oil  j  and  is  deposited  at  the 
bottom  of  the  vessel.  Or  dissolve  sulphur  in  a  boiling 
solution  of  pure  potash ;  and  into  a  phial,  containing  about 
4  its  capacity  of  muriatic  acid,  of  the  specific  gravity  1 .07, 
pour  about  an  equal  bulk  of  the  liquid  hepar.  Cork  the 
phial,  and  shake  it;  the  hydroguretted  sulphur  gradually 
settles  to  the  bottom.    Its  properties  are  the  following : 

1 .  If  gently  heated,  sulphuretted  hydrogen  gas  exhales 
from  it ;  the  super-sulphuret  loses  its  fluidity ;  and  a  residue 
is  left,  consisting  merely  of  sulphur. 

2.  It  combines  with  alkalis  and  earths ;  and  forms  with 
them  a  class  of  substances  called  hydroguretted  sulphurets. 

Tliere  are,  therefore,  three  distinct  combinations  of  siU' 


*  See  Annaks  de  Chimie,  ixii.  18J. 
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phur  and  its  compounds  with  alkalis  and  earths.  Tlie  first 
consist,  simply,  of  sulphur,  united  with  an  alkaline  or 
earthy  base,  and  arc  called  strictly  sulphurets.  'J'he 
second  are  composed  of  sulphuretted  hydrogen,  imited 
with  a  base,  and  are  called  hydro-siilphurets.  The  third 
contain  snper-sulphuretted  hydrogen,  attached  to  a  base, 
and  constitute  h/droguretted  sulphurets. 

The  sulphurets  can  exist,  as  such,  only  in  a  dry  state ; 
for  the  moment  they  begin  to  dissolve  in  water,  a  decom- 
position of  that  fluid  commences ;  sulphuretted  hydrogen 
is  formed ;  and  this,  uniting  with  an  additional  dose  of 
sulphur,  composes  super-sulphuretted  hydrogen.  This 
last,  uniting  with  the  base,  forms  an  hydroguretted  sul- 
phuret.  Hence  the  sulphurets  are  partly  changed,  by 
solution,  into  hydroguretted  sulphurets.  The  solutioriy 
however,  still  contains  a  proportion  of  sulphur  so  con- 
siderable, th.at  we  may  consider  it  as  composed,  in  part,  of 
liquid  sulphuret.  Hence  the  affusion  of  an  acid  throws 
down  a  large  quantity  of  sulphur.  A  distinguishing  cha- 
racter, also,  of  solutions  of  this  kind  is  that  sulphur  is 
precipitated  by  passing  through  them  sulphuretted  hydro- 
gen gas. 

Accord,Ing  to  Proust,  if  red  oxide  of  mercury  be  added 
to  solutions  of  the  kind  which  have  just  been  described, 
the  sulphuretted  hydrogen  is  removed,  and  what  remains 
is  a  pure  liquid  sulphuret,  from  which  acids  precipitate 
sulphur  alone,  without  any  eftervescence. 

II.  Tiie  hydroguretted  sidphurets  are  also  formed  hy 
boiling,  along  with  a  sufficient  quantity  of  water,  the 
alkaline,  or  eartliy  base,  with  flowers  of  sulphur.  Thus  a 
solution  of  pure  potash,  pure  soda,  or  of  barytes  or  strontites, 
ma,y  be  changed  into  an  hydroguretted  sulphuret.  To 
prepare  this  compound,  with  base  of  liuH's  the  p<;-,vdered 
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rarth,  mixed  with  sulphur,  may  be  Ixiiled  with  a  proper 
f[uantity  of  water,  and  the  sohition  filtered.  The  hydro- 
guretted  sulphuret  of  ammonia  (wliich  husc  cannot,  in 
strictness,  owing  to  its  liquid  form,  compose  a  true  sul- 
phuret) may  be  prepared  as  follow^s :  Mix  together,  in  a 
mortar,  three  parts  of  hydrat  of  lime,  one  part  of  muriate 
of  ammonia,  and  one  of  flowere  of  sulphur.  Introduce 
the  mixture  into  a  retort,  and  apply  a  receiver.  Begin  the 
distillation  with  a  gentle  heat.  The  first  liquor,  that 
comes  o\  cr  (long  known  under  the  name  of  Boyle  s 
Fuming  Liquor),  has  a  light  yellow  tinge,  and  emits 
fumes;  the  second  has  a  deeper  colour,  and  Is  not  fuming. 
V\'hcn  the  latter  begins  to  appear,  the  fire  may  be  raised. 

Another  method  of  forming,  by  a  veiy  simple  process, 
the  hydroguretted  sulphurets,  consists  in  digesting,  in  a 
gentle  heat,  a  hydro-sulphuret  with  powdered  sulphur,  an 
additional  portion  of  wliich  is  thus  dissolved  by  the  sul- 
[)huretted  hydrogen. 

ilydroguretted  sulphurets  liave  the  following  pro- 
perties : 

1.  They  liave  a  deep  greenish-yellow  colour ;  an  acrid 
and  intensely  bitter  taste;  and  an  excessively  offensive 
smell. 

2.  Tliey  deposit  sulphur  when  kept  in  close  vessels; 
become  much  more  transparent  and  lighter  coloured ;  and 
less  offensive  to  the  smell. 

S.  They  rapidly  absorb  oxygen  from  the  atmosphere, 
and  fiom  oxygen  gas.  Hence  their  employment  in  eu- 
diometry.   (See  chap.  v.  sect,  4.) 

4.  On  the  addition  of  dilute  sulphuric,  or  muriatic,  or 
of  certain  other  acids,  they  are  decomposed.  Sulphuretted 
hydrogen  gas  is  evolved,  and  sulphur  is  precipitated. 

Hydroguretted  sulphurets  of  fotash  and  of 
ypL.  I.  2d 
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SODA  differ  veiy  little  from  each  other.  They  may  be 
formed  by  boiling  solutions  of  pure  potash  or  soda  with 
flowers  of  sulphur.  When  very  concentrated,  they  have  a 
deep  reddisli  brown  colour,  a  nauseous  taste,  a  disagreeable 
odour,  and  a  soapy  feel,  tinging  the  cuticle  black.  When 
exposed  to  the  air,  a  thin  pellicle  of  sulphur  forms  upon 
their  solutions,  which,  by  sufficiently  long  exposure,  are 
changed  into  sulphates.  When  an  acid  is  suddenly  added, 
sulphiu-  is  thrown  down,  which  becomes,  when  washed 
with  sufficient  water  and  dried,  almost  white,  and  con- 
stitutes what  has  been  called  precipitated  sulphur,  milk  of 
sulphur,  or  magistery  of  sulphur. 

HVDROGURETTED  SULPHURET  OF  AMMONIA   may  bc 

formed  by  the  process  already  described,  or  by  digesting 
hydro-sulphuret  of  ammonia  with  sulphur,  a  portion  of 
which  is  dissolved. 

Hydrogur'eited  SULPHURET  of  barytes  is  obtained 
by  boiling  crystals  of  pure  barytes  with  one  fourth  their 
weight  of  sidphur  and  sufficient  water.  Two  compounds 
are  formed,  viz.  an  hydroguretted  sulphuret^  which  has  a 
red  colour  and  remains  in  solution ;  and  colourless  crystals, 
which  are  supposed  to  be  a  hydrosulphuret  of  barytes. 
Stroiitites  forms  similar  compounds. 

HYDROGURErrED  SULPHURET  OF  LiME  is  formed  by 
boiling  hydrate  of  lime  v/ith  a  tlurd  its  weight  of  sulphur 
and  ten  times  its  weight  of  water.  The  compound  has  a 
deep  orange  colour,  and  is  of  impoitanca  from  its  applica- 
tion to  eudiometrical  purposes.  ^ 

Liquid  Sulphuretted  Hydrogeji, 

The  existence  of  a  liquid  carburet  of  sulphur,  or  com- 
pound of  carbon  and  sulphur,  was  for  some  time  acknow- 
ledged, chiefly  on  the  authority  of  Clement  and  Desonnes* 


StCt.  VI.    tiauiD  SULPHURETTED  HYDROGEN.  403 

Vv'ho  gave  that  name  to  a  substance  originally  discovered 
by  Lampadius.  It  has  since  however  been  attentively  in- 
vestigated by  BerlhoUet  junior*,  and  has  been  proved  by 
him  to  he,  as  Lampadius  originally  supposed  it,  a  com- 
bination of  hydrogen  and  sulphur,  without  any  proportion 
of  carbon  essential  to  its  constitution. 

To  prepare  this  substance,  a  coated  porcelain  tube, 
partly  filled'with  small  pieces  of  charcoal,  may  be  disposed 
iu  a  furnace  as  represented  fig.  40,  c  c,  one  end  being 
placed  higher  than  the  other.  To  this  end  may  be 
adapted  a  glass  tube,  open  at  both  ends,  containing  small 
bits  of  sulphur ;  and,  to  the  other  end,  by  means  of  an 
adopter,  is  to  be  fixed  a  curved  tube,  passed  Into  water 
contained  in  a  two-necked  bottle.  The  part  of  the  tube, 
t'ontaining  the  charcoal,  may  then  be  made  red-hot;  and, 
when  this  happens,  the  hits  of  sulphur  are  to  be  pushed 
forwards,  one  by  one,  by  means  of  a  wire,  carefully  ex- 
cluding air.  As  soon  as  the  sulphur  comes  into  contact 
with  the  charcoal,  bubbles  of  gas  will  be  produced  in  great 
abundance,  and  a  vapour  will  appear,  which  will  condense, 
under  the  water  in  the  bottle,  into  a  liquid.  This  liquid 
has  several  remarkable  properties. 

1.  It  is  nearly  transparent  like  water ;  its  specific  gravity 
is  about  13  to  10;  and,  when  shaken  in  a  phial,  It  adheres, 
in  drops,  to  the  side  like  oil.  Its  smell  is  similar  to  that 
of  sulphuretted  hydrogen,  but  has  more  pungency.  It  is 
extremely  volatile;  and,  when  dropped  upon  the  hand, 
produces  a  sense  of  cold  by  its  rapid  evaporation.  When 
admitted  to  a  confined  portion  of  atmospheric  air,  it 
enlarges  the  bulk  of  the  air ;  and  the  mixture  burns  with  a 


*  Annales  de  Chimie,  Ixi.  127. 
2  D  2 
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blue  flame,  but  without  explosion.  If  oxygen  gas  be  sub- 
stituted In  this  experiment,  the  detonation  is  very  violent. 

2.  By  its  combustion,  it  is  entirely  consumed,  without 
the  production  of  carbonic  acid.  Oxy-muriatic  acid  thro\\  s 
down  sulphur.  With  alkaline  solutions,  it  forms  hydro- 
guretted  sulphurets.  By  distillation  at  a  low  temperature, 
it  yields  sulphuretted  hydrogen  gas ;  and  a  compound  re- 
mains in  the  retort,  which  becomes  solid  by  cooling. 

There  can  be  no  doubt,  then,  that  this  singular  fluid  is 
composed  solely  of  hydrogen  and  sulphur ;  but  the  precise 
proportions  remain  to  be  determined  by  more  accurate 
experiments.  It  appears,  indeed,  from  the  observations  of 
Berthollet  junior,  that  hydrogen  and  sulphur  are  capable 
of  uniting  in  several  proportions,  and  that  the  density  of 
tlie  compound  is  regulated,  probably,  by  the  quantity  of 
hydrogen  whicli  it  contains.  The  greater  the  proportion 
of  hydrogen,  the  more  elastic  ,is  the  compound ;  while  the 
predominance  of  sulphur  gives  it  a  form  more  or  les-^ 
approaching  to  solidity. 
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CHAPTER  XIIL 

COMBINATION  OF  NITROGEN  WITH  OXYGEN,  CONSTITUT- 
ING NITRIC  ACID,  NITROUS  GAS, — NITROUS  OXIDK,  

AND  COMPOUNDS  OF  NITRIC  ACID  WITH  AhKALlS. 

WHEN  nitrogen  and  oxygen  gases  are  mingled  together, 
in  whatsocA-er  proportions  we  employ,  no  combination  en- 
sues.   The  result  Ls  a  simple  mixture  of  the  two  gases, 
wliich  do  not,  like  inelastic  fluids,  separate  on  standing, 
but  remain,  on  the  contrary,  diftused  through  each  other 
for  any  length  of  time.    Tliis  is  the  case  with  the  air  of 
our  atmosphere ;  and  it  is  fortunate  that  such  a  provision 
of  nature  exists,  since  the  mixture  contains  the  elements 
of  several  combinations  whicb,  if  actually  formed,  would 
be  fatal  to  animal  and  vegetable  hfe.    When  cither  one 
or  both  of  these  elements,  however,  in  any  mixture  of  the 
two,  is  in  a  condensed  state,  or  deprived  of  part  of  that 
caloric  which  keeps  their  particles  at  a  distance  from  each 
other,  they  unite  and  form  compounds,  distinguished  by 
very  striking  properties.    According  to  the  proportions  in 
which  the  oxygen  and  nitrogen  exist  in  these  compounds, 
their  qualities  undergo  a  remarkable  variation,  so  that 
from  two  simple  or  elementary  bodies,  variously  united, 
we  have  several  compounds,  totally  unlike  each  other  in 
external  qualities,  as  well  as  in  their  chemical  relations. 

Before  describing  the  compounds  of  oxygen  and  nitro- 
gen in  detail.  It  will  contribute  to  perspicuity  to  take  a 
general  view  of  the  whole.  Some  of  them  exist  essen- 
tially in  an  aeriform  state,  and  are  capable  of  uniting 
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with  water  and  other  liquids  in  only  small  proportion. 
Others,  again,  combine  with  water  to  such  an  extent,  that 
the  liquid  form  is  the  only  one  under  which  they  occur  to 
our  observation.  When  entirely  deprived  of  water,  how- 
ever, they  are  all  gaseous  bodies. 

In  a  pories  of  the  compounds  of  nitrogen,  founded  on 
their  proportion  of  oxygen,  they  occupy  (excluding  atmo- 
spherical air  from  the  number)  the  following  order,  the  last 
containing  the  largest  proportion  of  oxygen — nitrous  oxide 
— nitric  oxide  or  nitrous  gas — nitrous  acid  or  nitrous 
vapour — nitric  acid — and  oxy-nitric  add*.  The  two 
first  are  sparingly  soluble  in  water;  but  the  three  last 
unite  with  it  largelj^,  and  form  liquid  compounds  of  de- 
cidedly acid  taste  and  quality. 

The  following  table  exhibits  the  composition  of  three  of 
these  bodies,  the  calculation  being  founded  on  the  experi- 
ments qf  Mr.  Davy. 

Proportion  of 
Elements  by  Weight. 
t  *  , 

nitrogen.  oxygen. 

Nitrous  oxide  .  .  63.30  3G.70 
Nitrous  gas  .  .  .  41.05  55.95 
Nitric  acid   ,    ,    ,    29.50  70.50 


Proportion  by 
Measure. 

nitr"  gas.  ox,  gas, 

100  49.5 

100  108.9 

100  204.7 


*  I  include  this  compound  on  the  authority  of  Mr.  Dalton, 
whose  arguments  tor  its  existence  will  appear  in  the  second 
part  of  his  "  New  System  of  Chemical  Philosophy/'  now  iu 
the  press.  They  are  derived,  chiefly,  from  the  proportions  in 
which  nitrous  and  oxygen  gases  unite, — proportions  resulting 
from  his  own  experiments  and  differing  considerably  from 
those  assigned  by  Gay  Lussac. 
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That  the  numbers  in  the  fourth  column  are  not  precisely 
simple  mulriples  of  those  in  the  third,  Gay  Lussac  im- 
putes to  the  unavoidable  inaccuracies  attendant  on  deli- 
cate processes  for  determining  the  constitution  of  gaseous 
bodies.  In  one  instance,  tlils  was  proved  experimental lyj 
for  M.  Berard,  by  the  combustion  of  potassium  in  100  mea- 
sures of  nitrous  oxide  gas,  obtained  exactly  50  measures  of 
nitrogen.  Hence,  if  the  table  were  corrected,  it  would 
stand  as  follows ; 

Measures  of 
Nitrogen  Oxygen. 

<  -A  ^ 

Nitrous  oxide  consists  of    .    .       100  50 

Nitrous  gas   100  100 

Nitric  acid   100  200 

Or  (which  is  the  same  thing)  we  may  consider  nitric 
acid  as  constituted  of  200  measures  of  nitrous  gas,  and 
100  measures  of  oxygen. 

To  these  three  compounds.  Gay  Lussac  has  added  a 
fourth,' which  he  thinks,  entitled  to  rank  as  a  distinct  com- 
bination. It  will  be  described,  hereafter,  under  the  name 
of  nitrous  acid  vapour-  Aceording  to  his  views,  it  con- 
sists, by  measure  of 

Nitrous  gas.    Oxygen  gas. 
300  100 

And  as  nitrous  gas  itself  contains  half  its  bulk  of  oxygen 
gas,  nitrous  acid  vapour  must  be  formed  by  the  union  of 
150  measures  of  nitrogen  with  250  measures  oxygen 
gases.    And  it  will,  therefore,  consist  by  weight  of 

34.507  nitrogen 
6'5.493  oxygen. 

In  all  these  compounds,  the  elements  are  in  a  state  of 
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coiidcDsatiun,  except  in  nitrous  gfis,  in  which  the  nitrogen 
and  oxygen  are  supposed  l)y  Gay  Lussac  to  be  precisely  in 
the  same  state,  as  in  nitrogen  and  oxygen  gases.  With 
respect  to  the  other  compounds,  the  condensation,  he  ap- 
prehends, is  exactly  that  of  the  oxygen  gas.  For  example, 
as  100  measures  of  nitrogen  gas  and  50  measures  of  oxy- 
gen gas  go  to  form  nitrous  oxide,  the  condensation  is  50 
measures;  and  we  obtain  only  100  of  nitrous  oxide.  On 
the  same  principle  100  measures  of  nitrogen  gas  and  200 
of  oxygen  gfis  should  form  only  100  of  nitric  acid  gas. 

The  observation  of  these  remarkable  coincidences,  be- 
tween the  proportion  of  elements  in  the  compounds  of 
nitrogen  with  oxygen,  and  tliat  of  numbers  which  are 
simple  multiples  of  each  other,  has  led  Gay  Lussac  to  ex- 
amine how  far  the  law  applies  to  other  gaseous  bodies.  In 
many  other  instances,  he  has  found  that  the  facts  concur  to 
establish  the  general  conchision,  that  aeriform  bodies  unite 
in  measures,  whicii  are  simple  multip.les  of  each  other ; 
and  that  when  all  inaccuracies  are  avoided  in  the  experi- 
ments, tlicy  do  not  combine  in  any  proportions  interme- 
diate between  these.  The  contraction  of  volume,  pro- 
duced by  their  combination,  follows  also,  he  supposes, 
whenever  it  occurs,  a  general  law ;  in  the  conipounds  of 
oxygen  for  example,  the  condensation  is  that  of  the  oxy- 
gen gas. 

These  deductions,  however,  rcq\iire,  for  their  establish- 
ment, a  broader  groundwoi-k  of  facts  than  the  state  of  the 
science  at  present  supplies.  I'hey  deri\  e,  it  mav  be  ob- 
served, additional  probability  from  their  coincidence  with 
the  vie^^•s  of  Mr.  Dalton,  to  which,  indeed,  they  bear  so 
strong  a  resemblance,  that  it  is  scarcely  possible  to  sup- 
pose they  were  not  suggested  by  the  principles  aeveloped 
in  his  New  Svstcm  of  Chemical  Philosopiiv. 
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SECTION  I. 
Alfrie  Avid. 

I.  The  dliect  combination  of  nitrogen  and  oxygen, 
affording  a  decisive  synthetic  proof  of  the  nature  of  this 
acid,  may  be  effected  by  passing  the  electric  shock 
tlirough  a  mixture  of  nitrogen  and  oxygen  gases.  Tlie  ex- 
periment is  an  extremely  laborious  one,  and  requires,  for 
its  performance,  a  powerful  electrical  machine ;  but  tliose 
who  are  disposed  to  repeat  it,  may  proceed  as  follows : 

Let  the  tube,  fig.  29,  be  filled  with,  and  inverted  in, 
mercury.  Pass  into  it  a  portion  of  atmospherical  air, 
or  an  artificial  mixture  of  nitrogen  and  oxygen  gases,  in 
the  proportion  of  one  of  the  former  to  two  of  the  latter. — - 
Let  an  iron  wire,  lengthened  out  with  one  of  platina,  be 
introduced  within  tiie  tube,  so  that  the  latter  metal  only 
may  be  in  contact  with  the  mixed  gases  ;  and  let  the  end 
of  this  Mire  be  distant  about  one  fomth  of  an  inch  from 
the  extremity  of  the  upper  one.  When  the  apparatus  is 
thus  disposed,  pass  a  series  of  electric  sparks  or  shocks 
through  the  gases  for  several  hours.  The  mixture  will  be 
diminished  in  bulk ;  will  redden  litmus-paper  when  en- 
closed in  it;  and  will  exhibit  distinctly  the  smell  of  nitrous 
acid.  If  the  experiment  be  repeated,  with  the  addition 
of  a  few  drops  of  solution  of  potash,  in  contact  with  the 
gases,  we  shall  obtain  a  combination  of  nitric  acid  with 
potash. 

This  interesting  experiment  on  the  generation  of  nitric 
^icid  we  owe  tf)  Mr.  Cavendish,  who  discovered  the  fact  in 
t\\ii  year  1/85.  (Philosophical  Transactions,  Ixxv.)  The 
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proportions,  which  he  found  to  be  necessary  for  mutual 
saturation,  were  five  parts  of  oxygen  gas  and  three  of 
common  air,  or  seven  parts  of  oxygen  gas  to  three  of 
nitrogen  gas.  No  evolution  either  of  hght  or  heat  at- 
tends this  combination,  which  is  very  slowly  and  gradually 
effected. 

Another  synthetic  proof  of  the  production  of  nitric  acid 
will  be  stated  under  the  article  nitrons  gas.  It  is  fur- 
nished by  the  generation  of  nitrous  gas,  and  ultimately  of 
nitric  acid,  when  ammonia  is  brought  into  contact  with  the 
black  oxide  of  manganese. 

For  all  purposes  of  utility  or  experiment,  however,  nitric 
acid  is  prepared  in  a  different  manner,  viz.  by  the  decom- 
position of  nitrate  of'  potash,  in  a  way  which  will  presently 
be  described 

II.  The  analysis  of  the  acid  may  be  obtained  by  driving 
its  vapour  through  a  red-hot  porcelain  tube  (fig.  40,  cc), 
and  receiving  the  generated  gases,  which  prove  to  be  a 
mixture  of  nitrogen  and  oxygen  gases. 

III.  The  nitric  acid  has  the  following  properties: 

{(i)  It  is  heavier  than  water,  in  the  proportion  of  1.5 
to  I. 

In  its  heaviest  form,  however,  it  still  contains  a  portion 
of  water.  Pure  nitric  acid  may  be  considered  as  a  gase- 
ous body,  of  the  specific  gravity,  compared  with  common 
air,  of  2440 :  one  hundred  cubic  inches  at  55°  Fahrenheit 
and  under  30  inches  pressure,  weigh,  according  to  Mr. 
Davy,  76  grains  j  or  corrected  to  the  temperature  of  60° 
Fahrenheit,  they  weigh  75.21  grains.  The  liquid  acid 
consists  of  this  gas  condensed  by  water,  of  which  it  con- 
tains various  proportions,  as  is  shown  by  the  following 
table  of  Mr.  Davy. 
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TABLE 

Of  the  Quantities  of  True  Altric  Acid  in  Solutions  of 
different  Specific  Gravities. 


100  raits  JNitric 

Gravity 

Irue  Acid* 

Water 

1.5040 

91.55 

- 

8.45 

1.1 175 

80.39 

.19.61 

1.4285 

"5 

71.65 

28.35 

1.3906 
1.3551 

62.96 
56.88 

37.04 
43.12 

1.3186 

52.03 

47.97 

1.3042 

49.04 

50.96 

1.2831 

46.03 

53.97 

1.2090 

45.27 

51.73 

(Z»)  Pure  gaseous  nitric  acid,  according  to  the  same  in" 
genious  chemist,  is  composed  in  100  grains,  of  29^  azote, 
and  70|  oxygen.  This  is  probabl)'  a  nearer  approximation 
to  the  truth  than  any  other  that  has  been  hitherto,  stated, 
and  differs  but  little  from  the  proportions  deducible  from 
the  experiments  of  Cavendish,  viz.  27. S  nitrogen  to  72.2 


*  The  quantities  of  oxygenc  and  azote  in  any  sohition,  may 

be  thus  found.  Let  a  =  the  true  acid,  x  the  oxygen,  and 

^  the  azote. 

rp,            2.380        ,  a 
X  hen  X  =  r-  and  y  =  ^ 
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oxygen.  Ivavoisicr  had  previously  obtained  results  which 
are  considerahlv  remote  from  these,  and  which  make  the 
nitric  acid  to  consist  of  20  nitrogen  and  80  oxygen. . 

{(■)  The  watery  solution  is  perfectly  limpid  and  colour- 
lesf:. 

(d)  It  gives  a  yellow  stain  to  the  skin. 

{(')  It  boils  at  2 18°  Fahrenheit,  and  may  be  distilled 
over,  without  any  essential  change. 

(/)  Nitric  acid  may  be  frozen  by  the  application  of 
a  sufliciently  low  temperature.  Like  sulphuric  acid,  there 
is  a  certain  point  of  density,  at  which  it  most  readily  con- 
geals. Mr.  Cavendish  has  described  this,  not  by  its  specific 
gravity,  but  by  the  quantity  of  marble  which  it  is  capable 
of  dissolving.  When'  it  takes  up  -i?oVoths  of  its  weight,  the 
acid  freezes  at  2°  below  0  Fahrenheit.  When  consider- 
ably stronger  and  capable  of  dissolving  -iJ/ioVths,  it  re- 
quired cooling  to  -~  ll.G',  and  when  so  much  diluted  as 
to  take  up  only  tVA^I"''?  it  ^^^^  "ot  congeal  till  cooled  to 
-40.?,.  (rhilosophical  Transactions,  1788.) 

(ff)  It  absorbs  moisture  from  the  atmosphere ;  and 
hence  it  increases  in  weight,  and  diminishes  in  specific 
gravity,  by  exposure  to  the  air. 

{//)  V^'hen  two  parts  of  the  acid  are  suddenly  diluted 
with  one  of  water,  an  elevation  of  temperature  is  pro- 
duced to  about  1 12°  Fahrenheit.  When  more  water  is 
added  to  this  diluted  acid,  its  temperature  is  reduced. 
Snow  or  ice  added  to  the  acid  is  instantly  liquefied,  and 
an  intense  degree  of  cold  is  produced. 

(i)  It  becomes  colom'cd  by  exposure  to  the  sun's  light, 
passing  first  to  a  straw  colour,  and  then  to  a  deep  orange. 
This  cflect  is  produced  by  the  union  of  the  light  of  the 
?un  with  oxygen,  in  consequence  of  which  the  proportion 
of  tlic  acidifying  prlnci])le  to  the  nitrogen  is  diminished. 
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By  exposing  it  to  the  sun's  rays  in  a  gas  bottle,  the 
bent  tube  of  whieh  terminates  under  water,  oxygen  gui 
may  be  proeured. 

(a)  Tills  acid  retains  its  oxygen  with  but  little  force. — 
Hence  it  is  decomposed  by  all  condiustible  bodies,  which 
are  oxygenized  by  it,  with  more  or  less  rapidity  in  pro- 
portion to  their  affinity  for  oxygen. 

1 .  When  brouglit  into  contact  with  hydrogen  gas  at  a 
high  temperature,  a  violent  detonation  ensues.  This  ex- 
periment, therefore,  requii-es  great  caution.  2.  Poured 
on  perfectly  dry  and  jwwdered  charcoal,  it  excites  the 
combustion  of  the  charcoal,  which  becomes  red-hot,  and 
emits  an  innnense  quantity  of  fumes.  3.  It  also  inflames 
essential  oils  (as  those  of  turpentine  and  cloves),  when 
suddenly  poured  on  tliem.  In  tliese  experiments,  the 
acid  sliould  be  poured  out  of  a  bottle,  tied  to  the  end  of 
a  long  stick ;  otherwise  the  operator's  face  and  e)'es  may 
be  severely  injiu'cd.  4.  Nitric  acid  is  decomposed,  by 
boiling  It  in  contact  with  sidphur,  which  attracts  the  oxy- 
gen, and  forms  sulphuric  acid. 

(/)  The  acid  is  also  decomposed  by  metals ;  as  iron, 
tin,  zinc,  copper,  &c.,  and  with  different  phenomena,  ac- 
cording to  the  affinity  of  each  metal  for  oxygen.  This 
may  be  seen,  by  pouring  some  strong  nitric  acid  on  Iron 
filings,  or  powdered  tin.  Violent  heat,  attended  with  red 
fumes,  will  be  produced,  and  the  metals  will  be  oxydizcd. 

If  the  action  of  metals  on  nitric  acid  be  more  mo- 
derately conducted,  a  new  product  is  obtained  in  a  gascoiLs 
state.  Dilute  some  nitric  acid  with  an  equal  weight  ot 
water,  and  dissolve,  in  this,  some  turnings  of  copper,  or 
a  portion  of  quicksilver,  applying  heat,  if  necessary. — ^Tliis 
must  h(.  done  in  a  gas  bottle,  and  the  product  received, 
ovc>  watci,  ^  nitrous  gas,  or  nitric  oxide. 
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SECTION  II. 

Altrous  Gas,  or  Nitric  Oxide. 

The  properties  of  this  gas  are  the  following : 
{a)  It  is  permanent  over  water ;  but  it  is  absorbed  in 
small  quantity,  when  agitated  with  water  which  has  been 
recently  boiled,  and  has  become  cold.  (See  tlie  table 
in  the  Appendix.)  This  solution,  according  to  La  Grange 
(vol.  i.  page  131),  is  converted,  by  long  keeping,  into 
nitrate  of  ammonia,  in  consequence  of  the  decomposition 
of  the  water. 

Nitrous  gas  is  rather  heavier  than  common  air,  100 
cubic  inches  at  55",  barometer  30°,  weigh  34.26,  or  at 
60°  Fahrenheit  33.80  grains.  (Davy.) 

(J))  When  well  washed  with  water,  it  is  not  acid.  It 
will  be  found  not  to  redden  the  colour  of  litmus.  This 
may  be  shown  by  introducing  a  piece  of  paper,  tinged 
with  that  substance,  into  a  jar  of  nitrous  gas,  standing  in- 
verted over  water.  To  accomplish  this,  the  paper  should 
be  fastened  to  tlie  end  of  a  glass  rod  or  a  piece  of  stick. 
The  colour  will  remain  unchanged. 

.  (c)  It  extinguishes  flame,  and  is  fatal  to  animals. 
Homberg's  pyrophorus,  however,  is  inflamed  by  it ;  and 
charcoal  and  phosphorus,  introduced  into  it  when  in  a 
state  of  actual  combustion,  continue  to  burn  vehemently. 

(f/)  Mingled  with  hydrogen  gas,  it  imparts  a  green 
colour  to  its  flame.  It  does  not,  however,  explode  with 
hydrogen  in  any  proportion,  nor  with  any  of  the  ^•arietie$ 
of  carburetted  hydrogen.  But,  when  mixed  with  am- 
monia, an  electric  spark  produces  a  detonation,  as  I  ha\  c 


SECT.  II. 


NITROUS  GAS. 


415 


shown  ill  the  Pliilosopliical  Transactions  for  1809.  The 
proportions  required  for  mutual  saturation  are  about  I  JO 
measures  of  nitrous  gas  to  100  of  ammonia. 

(e)  Wlien  mixed  vvitii  oxygen  gas,  red  fumes  arise; 
heat  is  evolved;  a  diminution  takes  place;  and  if  the 
two  gases  be  in  proper  proportion,  and  perfectly  pure, 
they  disappear  entirely.  Nitrous  acid,  at  the  same  time, 
is  regenerated. 

(/)  The  same  appearances  ensue,  less  remarkably,  whh 
atmospheric  air;  and  the  diminution  is  proportionate  to 
the  quantity  of  oxygen  gas  which  it  contains.  On  this 
principle,  of  its  condensing  oxygen,  but  no  other  gas,  is 
founded  the  application  of  nitrous  gas  to  the  purpose  of 
eudiomefn/,  or  of  ascertaining  the  purity  of  air.  Tlic 
sources  of  error,  in  its  employment  in  this  mode,  have 
hitherto  been  considered  such,  as  to  forbid  our  relying 
implicitly  on  the  results  which  it  may  afford.  Learning, 
however,  from  Mr.  Dalton,  that  he  constantly  employs 
nitrous  gas  in  determining  the  pm'ity  of  air,  and  with  per- 
fect satisfaction  as  to  the  accuracy  of  his  results,  I  have 
obtained  from  him  the  following  communication.  It  may 
be  necessary  to  premise,  that  for  applying  nitrous  gas  to 
this  purpose,  two  tubes  will  be  found  convenient,  shaped 
like  fig.  2  \ ;  each  from  three  to  four  tenths  of  an  inch  in 
diameter  ;  eight  or  nine  inches  long,  exclusive  of  the  fun- 
nel-shaped part;  and  accurately  graduated  into  minute 
aliquot  parts.  What  these  parts  are,  is  of  no  consequence. 
Hundredth  parts  of  a  cubical  inch  give  rather  too  large 
divisions  of  the  scale  ;  but  if  each  of  these  be  divided  into 
two,  the  scale  will  be  sufficiently  small.  If  the  tube  cm- 
ployed  be  not  long  enough  to  comprise  100  of  these  parts, 
tJie  experiment  may  be  made  on  50  parts  only  of  atmo- 


41G  NITROUS    GAS.  CHAP.  Xlff. 

spherical  air;  and  the  results,  midtipHed  by  2,  will  give  the 
proportion  ill  100  parts. 

"  To  use  nitrous  gas  aceurately  in  euclioinetry,  it  is 
"  only  requisite  to  take  botli  gases  in  a  dilute  state, 
"  namely,  containing  three  or  four  times  tlieir  bulk  of 
"  azotic  gas  (\\'liich  atmospheric  air  naturally  does),  or  of 
"  any  other  gas  not  acted  upon  by  nitrous  or  oxygen  gas(;s. 
"  In  this  ease,  if  an  excess  of  one  gas  be  used,  the  other 
"  is,  in  a  few  minutes,  entirely  taken  up,  and  in  a  con- 
"  stant  i[)roportIon ;  whatsoever  may  be  the  form  of  the 
"  vessel,  or  the  manner  of  mixing  the  gases.  The  pro- 
"  portion  is  1  of  oxygen  to  1.7  of  nitrous,  so  tliat  10-27ths 
"  of  the  diminution  over  water  are  oxygen,  and  l7-27t]is 
"  nitrous  gas.  It  is  proper,  as  soon  as  the  greater  part  of 
"  the  dimhiution  has  ensued,  to  transfer  the  mixture 
"  through  water  into  a  graduated  vessel,  without  using  any 
"  agitation. 

If  pure  nitrous  gas  be  admitted  to  pure  oxj'gen  gas 
"  in  a  narrow  eudiometer  tube,  so  that  the  oxj'gen  gas 
"  is  uppermost,  the  two  unite  very  nearly  in  the  same 
"  uniform  proportion  as  above.  If,  on  the  other  hand, 
"  the  nitrous  be  the  upper  gas,  a  much  less  quantity  of  it 
"  disappears,  viz.  1.24  nitrous  to  one  oxygen.  If  undi- 
"  luted  nitrous  gas  be  admitted  to  pure  oxygen  gas  in  a 
"  wide  vessel  over  water,  the  whole  effect  takes  place 
"  immediately ;  and  one  measure  of  oxygen  will  condense 
"  3.4  nitrous  gas. 

"  To  render  this  rule  more  intelligible,  an  example 
"  may  be  necessary.  Let  100  measures  of  common  air 
"  be  admitted  to  100  measures  of  a  mixture  of  nitrous  gas, 

with  an  equal  proportion  of  azotic  or  hydrogen  gas. 
"  After  standing  a  few  minutes  in  the  eudiometer,  there 
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**  will  be  found  114  measures.  The  loss  56  being  di- 
"  vided  by  the  cozninon  divisor,  2.7,  gives  21  nearly  for 
"  the  oxygen  gas  present  in  100  measures  of  common 
"  air. 

To  these  directions  I  may  add,  that  when  atmosplierical 
air  is  the  subject  of  experiment,  it  is  scarcely  necessary  to 
dilute  the  nitrous  gas,  with  any  other  gjis,  previously  to  its 
use.  If  a  number  of  experiments  be  made,  it  will  be  pro- 
per, in  all  cases,  to  let  the  gases  remain  together  a  definite 
time  (say  10  miruites)  before  noting  the  diminution  ;  and 
it  is  needless  to  transfer  them  into  another  vessel.  If  the 
mixed  giis,  under  examination,  contain  much  more  oxygen, 
than  is  present  in  atmospherical  air,  then  it  is  proper  to  di- 
lute the  nitrous  gas  wuth  an  equal  bulk  of  hydrogen  gas  j 
and,  in  this  case,  the  narrower  the  tube,  in  which  the  ex- 
periment is  made,  the  more  accurate  will  be  the  result. 

Subsequent  experience,  however,  lias  convinced  me 
that,  the  fnt'tl)od,  proposed  by  Mr.  Dalton,  though  suffi- 
ciently correct,  when  applied  to  a  mixture  of  the  same,  or 
nearly  the  same,  standard  as  the  atmosphere,  cannot  be  re- 
lied on  when  the  proportion  of  oxygen  is  either  considera- 
bly greater  or  less.    In  the  former  case,  the  process  gives 
too  great  a  diminution,  sometimes  indeed  to  such  an  ex- 
tent as  to  indicate  more  oxygen  gas  than  the  whole  amount 
of  what  was  submitted  to  experiment.    When  the  air,  on 
which  we  are  operating,  is  of  an  inferior  standard  to  the  at- 
mosphere, we  do  not  learn  its  full  proportion  of  oxygen. 
Notwithstanding  these  objections,  however,  the  method  has 
still  considerable  value,  since  it  may  be  applied  to  deter- 
mine the  proportion  of  oxygen  in  some  mixed  gases,  to 
which  other  cudiometrical  tests  are  not  applicable ;  for ' 
example,  to  mixtures  of  liydro-carburet  and  oxygen  gases. 
The  application  of  nitrous  gas  to  eudiometiical  pur^ 
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poses,  it  has  lately  been  contended  by  Gay  Lussac,  Is 
suscepti})le  of  jHrfect  accuracy,  provided  certain  precau- 
tions be  observed,  which  he  has  pointed  out,  and  which 
\A'ere  sugf^csted  by  his  iheoretical  views  of  the  constitution 
of  these  gases.  A  narrow  tul>c  he  finds  to  be  unfit  for  an 
eudiometer,  his  object  being  to  form  nitrous  acid  gas, 
which  is  but  slowly  a])sorbed  by  water.  Instead  tliereforc 
of  a  tube,  we  must  take  a  wide  vessel,  such  as  a  small  tum- 
bler glass;  and  to  100  parts  of  atmospheric  air,  previously 
measured,  we  must  pass  100  measures  of  nitrous  gas.  A 
red  ftimc  will  appear,  which  will  soon  be  a];sorbed  without 
ngitation,  and.  in  half  a  minute,  or  a  miimte  at  most,  the 
absorjjtion  will  be  comjilete.  Pass  the  residuum  into  a  gra- 
duated tube,  and  it  will  be  found,  almost  invariably,  that 
84  measures  have  disappeared.  Dividing  this,  number  by 
4,  we  have  21  for  the  quantity  of  oxygen  condensed. 

By  a  scries  of  experiments  on  mixtures  of  oxygen  and 
nitrogen  gnsr  -  in  various  proportions.  Gay  Lussac  found 
that  this  eudiometrtcal  process  may  be  depended  upon, 
whether  the  oxygen  exceed  or  fall  short  considerably  of 
the  proportloii  contained  in  atmospheric  air. 

(^•)  The  gencratiim  of  an  acid,  by  the  admixture  of  ni- 
trovis  gas  wilh  cannnon  air  or  oxygen  gas,  may  be  shown 
by  the  following  experiment.  Paste  a  slip  of  litmus-paper 
within  a  glass  jar.  nci\x  the  bottom ;  and  into  the  jar,  filled 
\^•ith  and  inverted  in  water,  pass  as  much  nitrous  gas,  pre- 
viously well  waslied,  as  will  displace  ihe  water  below  the 
level  of  the  paper.  The  colour  of  the  litmus  w  ill  remain 
ttnchangeu  ;  but,  on  passing  up  atmospheric  air  or  oxygen 
gas,  it  will  be  inmicdiately  reddened. 

(/<)  That  the  peculiar  acid;,  thus  produced,  is  the  nitrous^ 
will  appear  from  the  following  experiment.  Into  a  jar,, 
filled  with  and  Inverted  in  mercury,  pass  a  small  quantity 
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of  a  solution  of  pure  potash;  and,  afterward,  measures  of 
oxygen  and  nitrous  gases,  separately,  and  in  proper  propor- 
tion. On  removing  the  solution  from  the  jar,  exposing  it 
for  some  time  to  the  atmosphere,  and  afterward  evaporating 
it,  crj'stals  of  nitrate  of  potash  will  be  formed,  a  salt 
which  is  ascertained  to  be  formed  of  potash  and  nitrous 
acid. 

(i)  Nitrous  gas  is  absorbed  by  nitric  acid,  which,  by  this 
absorption,  is  considerably  changed  in  its  properties. — Pass 
the  g;is,  as  it  issues  from  tlie  materials  that  afford  it, 
through  colourless  nitric  acid.  The  acid  will  undergo  suc- 
cessive changes  of  colour,  till  at  last  it  will  become  orange- 
coloured  and  fuming.  In  this  state  it  is  called  nitrous  acid, 
because  it  contains  a  less  proportion  of  oxygen  than  the 
colourless  nitric  acid. 

According  to  Dr.  Priestley,  100  parts  of  nitric  acid,  of 
the  specific  gravity  of  14  to  10,  absorb,  in  two  days,  90 
parts  by  weight  of  nitrous  gas  *.  When  about  seven  parts 
of  gas  have  been  absorbed,  the  acid  acquires  an  orange 
colour;  when  18  have  been  absorbed,  it  becomes  gi^een; 
and  the  whole  quantity,  which  it  is  capable  of  condensing, 
changes  it  into  a  liquor,  which  emits  an  immense  quantity 
of  red  fumes.  The  gas,  thus  absorbed,  is  mostly  separated 
again  on  dilution  with  water, 

(/c)  The  nitrous  gas,  thus  absorbed,  is  expelled  again  by 


*  Priestley  on  Air,  2d  edition,  i.  383.  In  the  experiment 
alluded  to,  ojie  fifth  of  an  ounce-measure  of  nitric  acid  ab- 
sorbed 130  ounce-measures  of  nitrous  gas.  There  is  reason, 
however,  to  suspect  some  inaccuracy  in  the  experiment;  for, 
according  to  Mr.  Davy,  100  parts  of  nitric  acid,  after  having 
absorbed  all  the  nitrous  gas  which  it  is  capable  of  condensing, 
kold  only  nine  or  between  nine  and  ten  parts  in  combination. 
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a  gentle  heat.  This  may  be  shown  by  gently  heating  the 
acid  coloured  in  Experiment  i,  till  it  again  becomes  lim- 
pid.   In  this  experiment  light  should  be  excluded. 

(I)  Nitrous  gas  is  decomposed  by  exposure  to  bodies  that 
liave  a  strong  affinity  for  oxygen.  Tlius,  iron  filings  de- 
compose it,  and  become  oxydizcd,  affording  a  proof  of  the 
presence  of  oxygen  in  this  gas. 

During  this  process,  water,  ammonia,  and  nitrous  oxide 
are  generated.  Siilphuret  of  potash,  &c.,  have  a  similar 
effect.  Mixed  with  sulphurous  acid,  it  is  decomposed,  and 
this  acid  is  changed  into  the  sulphuric.  (Nicholson's 
Journal,  xvii.  43.)  Potassium  was  found  by  Gay  Lussac  to 
burn  vividly  in  it,  ar>d  to  afford  a  ready  way  of  effecting  its 
analysis. 

(?n)  Nitrous  gas  is  absorbed  by  the  green  sulphate  and 
muriate  of  iron*,  which  do  not  absorb  nitrogen  gas.  To 
ascertain  ,  therefore,  how  much  nitrogen  gas  a  given  quan- 
tity of  nitrous  gas  contains,  let  it  be  agitated  in  a  graduated 
tube  with  one  of  these  solutions.  This  infonnation  is  ne- 
cessary, previously  to  deducing,  from  its  effects  on  atmo- 
spheric air,  the  proportion  of  oxygen  gas. 

From  the  important  use  which  is  now  made  by  some 
chemists  of  this  solution  of  nitrous  gas  in  eudiometry,  it 
may  be  proper  to  describe  the  mode  of  its  preparation. 

Dissolve  as  much  of  the  green  sulphate  of  iron  in  water 
as  the  water  will  take  up,  or  dissolve  iron  filings  in  sul- 
phuric acid,  diluted  with  five  or  six  parts  of  water,  leaving 
an  excess  of  the  iron,  in  order  to  eiLsure  the  perfect  satura- 
tion of  the  acid.  Fill  a  wide-mouthed  bottle  with  this  so- 
lution, iijvcrt  it  in  a  cupful  of  the  same,  and  into  the  in- 


For  an  account  of  these  salts,  see  chap,  xviii.  sect.  6. 
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verted  bottle  receive  the  nitrous  ga«  from  nitric  acid  and 
quicksilver,  shaking  the  hiverted  bottle  frequently.  The 
colour  of  tliis  solution  v^ill  change  to  black,  and  the  pro- 
duction of  gas  and  the  agitation  are  to  be  continued,  till  the 
absorption  can  be  carried  no  farther.  The  impregnated 
solution  should  be  preserved  in  a  number  of  small  bottles, 
not  holding  more  than  an  ounce  each.  The  most  commo- 
dious method  of  applying  this  solution,  is  by  means  of 
Dr.  Hope's  eudiometer,  already  described.  (Chap.  v.  sect.  4.) 

(n)  A  very  interesting  experiment,  affording  a  synthetic 
proof  of  the  constitution  of  nitrous  gas,  we  owe  to  Dr. 
Milner,  of  Cambridge  *.  Into  an  earthen  tube,  about  20 
inches  long  and  three  fourths  of  an  inch  wide,  open  at  both 
ends,  put  as  much  coarsely  powdered  manganese  as  is  suffi- 
cient nearly  to  fill  it.  Let  this  be  placed,  horizontally,  'in 
a  furnace,  having  two  openings  opposite  to  eacli  other 
(fig.  40).  To  one  end  of  the  earthen  tube  adapt  a  retort, 
containing  a  strong  solution  in  water  of  pure  ammonia, 
and  to  the  other  a  bent  glass  tube,  which  may  terminate 
in  a  two-necked  empty  bottle.  To  the  other  neck  of  the 
bottle,  lute  a  glass  tube,  bent  so  as  to  convey  any  gas  that 
may  be  produced,  under  the  shelf  of  the  pneumatic  trough. 
Let  a  fire  he  kindled  in  the  furnace ;  and,  when  the  man- 
ganese may  be  supposed  to  be  red-liot,  drive  over  it  the  va- 
pour of  the  ammonia.  The  alkali  will  be  decomposed ; 
its  hydrogen,  uniting  with  part  of  the  oxygen  which  is 
combined  with  the  manganese,  will  form  water;  while  its 
nitrogen,  uniting  with  another  portion  of  the  oxygen,  will 
constitute  nitrous  gas.  Tlie  gas,  thus  generated,  may  l;e 
collected  by  the  usual  apparatus. 


*  Philosophical  Transactions,  1789. 
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(o)  Nitrous  gas  is  stated,  by  Mr.  Davy,  to  consist  of  50 
oxygen  and  44  nitrogen. 

(p)  Another  fact,  showing  the  mutual  relation  of  ammo- 
nia and  of  the  compounds  of  nitrogen,  was  discovered  some 
years  ago  by  Mr.  Wm.  Higgins  *.  Moisten  some  pow- 
dered tin  (which  is  sold  under  this  name  by  the  druggists) 
with  strong  nitric  acid ;  and,  when  the  red  fumes  have 
ceased  to  arise,  add  some  quickrlime  or  solution  of  pure 
potash.  A  strong  smell  of  Ammonia  will  be  immediately 
produced. 

In  this  experiment,  the  tin,  at  the  same  instant,  attracts 
t)ie  oxygen  both  of  the  nitric  acid  and  of  the  water.  Hy- 
drogen and  nitrogen  are  consequently  set  at  liberty ;  and, 
before  they  have  assumed  the  gaseous  state,  these  two  bases 
combine,  and  constitute  ammonia.  Tlie  animonia,  thus 
generated,  unites  with  a  portion  of  undecomposed  nitric 
acid ;  and  is  disengaged  from  this  combination  by  potash 
91  lime,  which  render  it  evident  to  the  smelL 


SECTION  III. 

Gaseous  O^de  of  Nitrogen. — Nitrous  (Xvide  of  Dai  //,. 

I.  ITiis  compound,  also  consisting  of  oxygen  and  nitro- 
gen, but  in  diflPercnt  proportions  from  those  of  nitrous  gas, 
may  be  obtained  by  several  processes. 

(a)  By  exposing  common  nitrous  gas  for  a  few  days  to 


*  See  his  Comparative  View  of  the  Phlogistic  and  Anti- 
phlogistic Theories,  2d  edition,  page  300,  note. 
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iron  filings,  or  to  various  other  bodies  strongly  attracting 
oxygen,  this  gas  is  changed  into  the  nitrous  oxide. 

Some  nicety  and  experience  are  required  to  suspend  tlie 
decomposition  before  it  has  gone  too  tar;  in  which  case 
nitrogen  gas  is  obtained.  The  sulphite  of  potash,  being  in- 
capable of  decomposing  nitrous  oxide,  is  best  adapted  to 
tire  conversion  of  nitrous  gas  into  that  chistic  liuid.  The 
process,  in  all  cases,  may  be  suspended,  when  a)x)ut  two 
thirds  the  original  bulk  of  the  gas  are  left. 

(h)  By  dissolving  zinc,  or  tin,  in  nitric  acid,  diluted  with 
five  or  six  times  its  weight  of  water.  Zinc,  during  this  so- 
lution, disengages  nitrous  oxide  till  the  acid  begins  to  ex- 
liibit  a  brownish  colour,  when  the  process  must  be  sus- 
pended, as  nitrous  gas  is  then  formed.  But  by  neither 
of  these  processes  is  the  gas  obtained  suiHcicntly  pure  for 
exhibiting  its  qualities.  To  procure  it  in  a  state  of  purityj 
tlie  following  process  is  the  best  adapted. 

(c)  To  nitric  acid,  diluted  with  five  or  six  parts  of  water, 
add  carbonate  of  ammonia,  till  the  acid  is  saturated.  Then 
evaporate  the  solution ;  and,  to  supply  the  waste  of  alkali, 
add,  occasionally,  a  little  more  of  the  carbonate.  Let  the 
solution  be  evaporated  by  a  very  gentle  heat.  The  salt  ob- 
tained, when  the  solution  has  cooled,  is  next  to  be  put  into 
a  glass  retort,  and  distilled  with  a  sand-heat,  not  exceeding 
440  Fahrenheit  *.  The  heat  of  an  Argand's  lamp  is  more 
than  sutRcient,  and  requires  cautious  regulation.  The  salt 
will  presently  liquefy,  and  must  be  kept  gently  simmering;, 


*  From  the  observations  of  Mr.  Sadler  (Nicholson's  Jour- 
nal, XV.  286),  it  appears  that  the  purity  of  the  nitrate  of  am- 
monia is  of  considerable  importance;  and  that  its  adulteration 
with  muriate  diminishes  the  quantfty,  and  impairs  the  quality 
©i;"  the  gas. 
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avoiding  violent  ebullition.  The  gas  may  be  collected  over 
water,  and  allowed  to  stand  a  few  hours  before  it  is  used, 
during  which  time  it  will  deposit  a  wlrite  cloud,  and  will 
become  perfectly  transparent. 

A  gazometer  is  best  adapted  for  its  reception  ;  because 
all  danger  is  then  avoided  of  an  absorption  of  the  water  of 
the  trough  into  the  retort ;  and  because  the  gas  is  brought 
into  contact  with  a  much  smaller  surface  of  water,  which 
has  the  property  of  absorbing  a  considerable  proportion 
of  the  gas.  On  this  account,  water,  which  has  been  once 
used  to  confine  the  gas,  may  be  kept  for  the  same  purj)Ose. 

The  changes  that  take  place,  during  the  conversion  of 
nitrate  of  ammonia  into  nitrous  oxide,  are  the  following : 
Nitric  acid  is  composed  of  oxygen  and  nitrous  gas ;  am-, 
monia,  of  hydrogen  and  nitrogen.  In  a  high  temperature, 
the  nitrous  gas  combines  with  an  additional  dose  of  ni- 
trogen, and  forms  nitrous  oxide ;  while  the  oxygen  of  the 
decomposed  nitric  acid  unites  with  the  hydrogen  of  the 
ammonia,  and  forms  water. 

The  gas,  thus  obtained,  was  termed,  by  the  Society  of 
Dutch  chemists,  gaseous  oxide  of  azote ;  but,  for  the  sake 
of  brevity,  and  as  more  conformable  to  the  nomenclature 
of  other  compounds  of  nitrogen,  I  shall  use,  with  Mr. 
Davy,  ilie  name  of  nitrous  oxide*. 

In  order  to  ascertain  whether  nitrous  oxide  be  adulterated 
with  either  common  air  or  oxygen  gas,  we  may  mix  equal 
measures  of  the  gas  under  examination,  and  of  nitrous  gas. 
If  any  diminution  ensue,  the  presence  of  one  of  these 
n)ay  be  suspected ;  and  the  amount  will  show  which  of 


*  For  a  full  account  of  this  gas,  consult  Mr.  Davy's  Re- 
searches, Chemical  and  Philosophical.  London.  Johnson, 
1800. 
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them  is  contained  in  it.  Nitrous  gas,  however,  is  a  much 
more  common  contamination ;  for  it  is  generated,  along 
vvitli  nitrous  oxide,  whenever  tlie  temperature  of  the  salt  is 
raiseu  too  high.  Its  presence  may  he  detected,  either  by 
a  diminution  on  the  admixture  of  oxygen  gas ;  or  by  an 
absorption  being  etfccted,  on  agitating  the  gas  with  a 
solution  of  green  sulphate  of  iron,  which  has  no  action  on 
pure  nitrous  oxide.  (See  also  page  418,  g.) 
II.  This  gas  has  the  following  properties : 
(«)  It  is  considerably  heavier  than  common  air.  About 
55°  Fahrenheit  and  30  inches  pressure,  100  cubic  inches 
weigh  50.20  grains,  or  under  the  same  pressure,  and  at 
60°  Falu-enheit  49.68.  (Davy.) 

(b)  A  candle  burns  in  it  with  a  brilliant  flame  and 
crackling  noise.  Before  its  extinction,  the  white  inner 
flame  becomes  surrounded  with  an  exterior  blue  one, 

(c)  Phosphorus,  introduced  into  it  in  a  state  of  in- 
flammation, burns  with  increased  splendour. 

Phosphorus,  however,  may  be  melted,  and  sublimed  in 
this  gas,  without  alteration.  It  may  even  be  touched  with 
red-hot  iron  wire,  without  being  inflamed  ;  but  when  a  wire, 
intensely  heated,  or  made  white-hot,  is  applied,  the  phos- 
phorus burns,  or  rather  detonates,  with  prodigious  violence, 

(U)  Sulphur,  introduced  into  nitrous  oxide  when  burning 
^vith  a  feeble  blu6  flame,  is  instantly  extinguished ;  but 
when  in  a  state  of  an  active  inflammation,  it  burns,  with  a 
vivid  and  beautiful  rose-coloured  flame. 

(f)  Red-hot  charcoal  burns  in  it  more  brilliantly  tHan 
in  the  atmosphere. 

(f)  Iron  wire  bums  in  this  gas  with  much  the  same 
appearance  as  in  oxygen  gas,  but  for  a  shorter  period. 
Potassium  was  found  by  Berard  to  inflame  and  burn  in  it 


420 


NITROUS  OXIDB. 


CHAP.  Kin, 


with  niucl)  activity.  After  the  combustion,  100  measures 
left  50  of  nitrogen  gas. 

(g)  Nitrous  oxide  is  rapidly  absorbed  by  water  that  has 
teen  previously  boiled,  about  one  thirtieth  the  original 
bulk  of  the  gas  remaining  uncondenscd.  (See  table.)  A 
quanthy  of  gas,  equal  to  considerably  more  than  half  the 
bulk  of  the  water,  may  be  thus  made  to  disappear.  This 
property  furnishes  a  good  test  of  the  purity  of  nitrousj 
oxide;  for  the  pure  gas  is  almost  entirely  absorbed  by 
boiled  water,  which  has  cooled  without  the  access  of  air. 
The  water  employed  should  exceed  the  gas  three  or  four 
times  in  bulk. 

(h)  Water,  that  has  been  saturated  with  this  gas,  gives 
it- out  again,  unchanged,  when  heated. 

(i)  The  impregnated  water  does  not  change  blue 
vegetable  colours, 

(k)  It  has  a  distinctly  sweet  taste,  and  a  faint,  but 
agreeable,  odour. 

(I)  It  is  not  diminished  by  admixture  with  either  oxygen 
or  nitrous  gas. 

(»?)  A  mixture  of  this  gas  with  hydrogen  gas  detonates 
loudly,  on  applying  a  lighted  taper,  or  passing  an  electric 
spark. 

When  the  proportion  of  hydrogen  is  nearly  equal  to 
that  of  nitrous  oxide,  or  as  39  to  40,  nitrogen  gas  only 
remains  after  the  explosion ;  but  when  the  proportion  of 
hydrogen  is  smaller,  nitric  acid  is  also  generated.  It  forms, 
also  (as  I  have  shown,  Philosophical  Transactions,  1809, 
page  444),  a  combustible  mixture  with  ammoniacal  gas, 
100  measures  of  the  latter  requiring  for  saturation  130, 
measures  of  nitrous  oxide. 

(«)  Nitrous  oxide  is  not  absorbed  by  alkalis ;  but  if  it 
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be  brought  into  contact  with  them,  when  in  a  nascent 
state,  or  before  it  has  assumed  the  condition  of  a  gas,  it 
then  enters  into  combination  with  alkahne  bases,  llius, 
when  a  mixture  of  sulphite  of  pota^sli  and  pure  potash  is 
exposed  to  nitrous  gas,  the  latter  is  disoxygcnized  by  the 
sulphite,  and  changed  into  nitrous  oxide,  wliich  unites 
with  the  alkali.  We  obtain,  therefore,  a  mixture  of  sul- 
phate of  potash  with  a  compound  of  nitrous  oxide  and 
alkali,  the  former  of  which  may  be  separated  by  priority 
pf  ciystallization.  The  latter  is  composed  of  about  three 
parts  of  alkali,  and  one  of  nitrous  oxide.  It  is  soluble  in 
water ;  has  a  caustic  taste,  of  peculiar  pungency ;  and 
converts  vegetable  blues  to  green.  Powdered  charcoal, 
mingled  with  it,  and  inflamed,  burns  with  bright  scintilla- 
tions. The  nitrous  oxide  is  expelled  from  fixed  alkalis  by 
all  acids,  even  by  the  carbonic. 

(o)  Animals,  when  wiiolly  confined  in  this  gas,  die 
speedily. 

(p)  One  of  the  most  extraordinary  properties  of  this  gas 
is  exhibited  by  its  action  on  the  human  body,  when  re- 
ceived into  the  lungs.  When  thus  employed,  it  does  not 
prove  fatal,  because,  when  received  into  the  lungs,  it  is 
iiiLxed  and  diluted  with  tlie  atmospherical  air  present  in 
that  organ.  To  administer  the  gas,  it  may  be  introduced 
into  an  oiled  silk  bag  or  clean  bladder,  furnished  with  a 
stop-cock,  and  may  be  breathed  repeatedly  from  the  bag 
and  back  again,  as  long  as  it  will  last.  The  sensations 
that  are  produced  vary  greatly  in  persons  of  diiferent  con- 
stitutions ;  but,  in  general,  they  are  highly  pleasurai)le,  and 
resemble  those  attendant  on  the  pleasant  period  of  in- 
toxication. Great  exhilaration,  an  irresistible  propensity 
to  laughter,  a  rapid  flow  of  vivid  ideas,  and  an  unusual 
fitness  for  muscular  exertion,  are  the  ordinaj'y  feelings  it 
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produces.  These  pleasant  sensations,  it  must  be  added, 
are  not  succeeded,  like  those  accompanying  the  grosser 
elevation  from  fermented  liquors,  by  any  subsequent  de- 
pression of  nervous  energy. 

(q)  From  the  experiments  of  Mr.  Davy,  it  appears  that 
100  pai-ts,  by  weight,  of  this  gas,  contain  36.7  oxygen, 
and  G3.3  azote,  or,  excluding  decimals,  37  oxygen  and  63 
uzote. 


SECTION  IV. 

Nitrous  Acid.  , 

It  has  been  a  subject  of  controversy  whether  an  acid, 
entitled  to  this  denomination,  and  holding  the  same  re- 
lation to  the  nitric,  which  the  sulphurous  bears  to  the  sul- 
phuric, has  really  existence.  That  the  acid,  obtained 
from  nitre,  has  different  states  of  oxygenation,  and  contains 
a  less  quantity  of  oxygen  in  proportion  to  the  depth  of  its 
colour,  is  generally  admitted.  But  it  has  been  contended 
that  we  are  to  consider  all  these  varieties  as  nitric  acid, 
holding  in  combination  variable  proportions  of  nitrous  gas; 
and  the  principal  argument  in  favour  of  this  theory  is  that 
the  substance,  occasioning  the  colour,  may  be  separated 
by  the  mere  application  of  heat.  Mr.  Davy  has  given  the 
following  table,  showing  the  proportion  of  nitrous  gas  in 
nitrous  acid  of  different  colours. 
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100  parts  by  weight  contain 


r  — 

.         ...  . 

Sp.  Gr. 

Real  Acid. 

Nitr.  Gas. 

Water 

Pale  yellow  . 

90.5 

1  2 

.  8.3 

nnght  do. 

.  1.50 

00.94  . 

.  2.96  . 

.  8.1 

Dark  orange 

.  1.480  . 

.    86.84  . 

.   5.56  . 

.  7.6 

Light  olive  . 

.  1.479  . 

.  86 

.  6.45  . 

.  7.55 

Dark  olive  . 

.  1.478  . 

.  85.4 

.  7.1  . 

.  7.50 

Bright  green 

.  1.47G  . 

.    84.8  . 

.  7.76  . 

.  7.44 

Blue  green 

.  1.475  . 

.    84.6  . 

.  8 

.  7.40 

Mere  dilution  with  water  is  sufficient  to  vary  these 
colours.  Thus  the  dark  orange  coloured  acid,  by  dilution, 
passes  through  the  shades  of  blue,  olive,  and  bright  green. 
Nitric  acid,  also,  by  absorbing  nitrous  gas,  has  its  specific 
gravity  diminished.  Colourless  acid,  for  example,  when 
rendered  of  pale  yellow,  becomes  lighter  in  the  proportion 
of  1.51  to  1.502. 

It  has  lately,  however,  been  argued  by  Gay  Lussac*, 
and  apparently  with  much  probability,  that  the  nitrous 
acid  is  as  much  a  distinct  and  peculiar  compound,  as  any 
other  of  the  combinations  of  nitrogen  and  oxygen.  It  is 
formed,  he  observes,  whenever  we  mix  oxygen  and  nitrous 
gases  in  such  proportion,  that  the  nitrous  gas  predominates, 
viz.  about  one  measure  of  the  former  to  four  of  the  latter. 
It  is  of  no  consequence  which  is  first  added  5  for  the  re- 
sult is  invariably  a  condensible  red  vapour,  containing  by 
measure,  100  oxygen  gas,  and  300  nitrogen  ;  or  by  weight 

34.507  nitrogen 

65.493  oxygen 

100 
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To  form  liquid  nitrous  acid,  nothing  more  is  necessary 
than  to  saturate  water  with  this  vapour.  The  water  be- 
comes first  green,  then  blue,  and  finally  an  orange  colour 
more  or  less  deep.  The  latter  may  be  brought  to  the  state 
of  green  or  blue  by  adding  more  or  less  water.  Hence 
tlie  colour  depends  merely  on  the  circumstance  of  density. 

Admitting  the  correctness  of  these  views,  it  will  follow 
that  when  nitrous  gas  is  transmitted  through  nitric  acid, 
the  latter  is  partly  de-oxygenated;  and  the  nitrous  gas-, 
acquiring  oxygen,  becomes  nitrous  acid.  Hence  the  or- 
dinary acid  of  nitre  is  a  compound  of  nitric  and  nitrous 
acids,  and  not  of  nitric  acid  and  nitrous  gas.  Its  colour 
will  be  deep  in  proportion  to  the  quantity  of  nitrous  aci4 
which  it  holds  in  combination. 


SECTION  V. 
Alfrafes» 

Art.  1.' — Nitrate  of  Potash. 

I.  A  DIRECT  synthetic  proof  of  the  composition  of  this 
salt  may  be  obtained  by  saturating  nitric  acid  with  potash, 
either  pure  or  in  a  c?irbonated  state.  The  solution,  on 
evaporation,  yields  crystals  of  nitrate  of  potash^  or  nitre. 

For  the  purposes  of  experiment,  however,  the  nitrate  of 
potash,  which  may  be  met  with  in  the  shops,  and  which 
is  an  abundant  product  of  nature,  may  be  employed  on  ac- 
count of  its  greater  cheapness.  The  nitre,  which  is  met 
with  as  an  article  of  commerce,  is  brought  to  this  country, 
chiefly  from  the  East  Indies.    When  it  arrives,  it  i-^  avci  v 
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Impure  salt^  coiitaliiiug  besides  other  substance?,  a  con- 
siderable proportion  of  muriate  of  soda.  In  this  state  it  is 
called  rough  nitre.  For  the  puiposes  of  chemistry,  it  re- 
quires to  be  purified  by  solution  in  water  and  re-crystalli- 
zation ;  and  it  then  obtains  the  name  of  reHned  niire  or  re- 
fined saltpetre. 

II.  This  salt  has  the  following  properties : 
(a)  It  crystallizes  in  prismatic  octahedrons,  generally 
constituting  six-sided  prisms,  terminated  by  two-sided 
summits.    Exclusive  of  the  Tvatcr  of  crystallization,  The- 
nard  has  determined  that  it  consists  of 

59.5  potash 
40.5  nitric  acid 

But  as  potash  itself,  in  the  driest  form  under  which  we 
©an  procure  it,  still  contains  water.  BerthoUet  has  given 
tlie  following  proportions  as  those  of  nitrate  of  potash. 

51.38  potash 
48.62  acid 

100 

(Z»)  For  solution,  it  recuires  seven  times  its  weight  of 
water  at  00°  of  Fahrenheit ;  and  bulling  water  takes  up  its 
own  weight. 

These  are  the  proportions  assigned  by  Bergman ;  but 
La  Grange  asserts,  that  of  water,  at  the  ordinary  tempera- 
ture, nitrate  of  potash  requires  only  three  or  four  times  its 
weight  for  solution ;  and  half  its  weight  of  boiling  water, 
{^ManueU  1st  edition,  i.  243.) 

[c)  By  tlie  application  of  a  moderate  heat  it  fuses,  and 
being  cast  in  moulds,  forms  wliat  is  called  Sal  Prunelle. 

{(1)  If  a  red-heat  be  applied,  nitrate  of  potash  is  de- 
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composed  in  consequence  of  the  destruction  of  its  acid. 
By  distilling  it  in  an  earthen  retort,  or  in  a  gun-barrel, 
oxygen  gas  may  be  obtained  in  great  abundance,  one 
pound  of  nitre  yielding  about  12,000  cubic  inches,  of 
sufficient  purity  for  common  experiments,  but  not  for  pur- 
poses of  accuracy. 

(e)  Nitrate  of  potash,  that  has  been  made  red-hot,  seems 
to  contain  an  acid  less  highly  oxygenated  than  the  com- 
mon nitric  acid,  and  having  a  weaker  affinity  for  alkalis. 
For  if  acetic  acid  be  poured  on  nitre  that  has  been  thus 
treated,  the  nitrous  acid  is  expelled  in  red  fumes,  whereas 
common  nitre  is  not  at  all  affected  by  acetic  acid. 

(f)  Nitrate  of  potash  is  rapidly  decomjiosed  by  charcoal 
in  a  high  temperature.  This  may  be  shown,  by  mixing 
two  parts  of  powdered  nitre  with  one  of  powdered  char- 
coal, and  setting  fire  to  the  mixture  in  an  iron  vessel  under 
a  chimney. — ^The  products  of  this  combustion,  which  may 
be  collected  by  a  proper  apparatus,  are  carbonic  acid  and 
nitrogen  gases.  Part  of  the  carbonic  acid  also  remains  at- 
tached to  the  residuary  alkali,  and  may  be  obtained  from 
it  on  adding  a  stronger  acid. 

This  residue  was  termed,  by  the  old  chemists,  clyssus 
of  nitre. 

{g)  Nitrate  of  potash  is  also  decomposed  by  sulphur, 
and  with  different  results  according  to  the  temperature 
and  proportions  employed. 

1.  Mix  powdered  nitre  and  sulphur,  and  throw  the  mix- 
ture, by  a  little  at  a  time,  into  u  red-hot  aucible.  The 
sulphur  will  unite  with  the  oxygen  of  the  nitric  acid,  and 
form  sulphuric  acid ;  which,  combining  with  the  potash, 
will  afford  sulphate  of  potash.  The  production  of  the 
latter  salt  will  be  proved  by  dissolving  the  mass  remaining 
in  the  crucible  and  crystallizing  it,  when  a  salt  will  be  ob- 
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(ained  exhibiting  the  characters  described,  chap.  xii. 
sect.  4. 

2:  Mix  a  portion  of  sulphur  witli  one  sixth  or  one 
^'iglnh  its  weight  of  iiitiiite  of  potash  ;  put  the  mixture 
into  a  tin  cup,  and  raise  it,  by  a  proper  staivd  (fig.  25),  a 
few  inches  above  the  surface  of  water,  contained  in  a  flat 
shallow  dish.  -  Set  fire  to  the  mixture,  and  cover  it  with  a 
bell-siiaped  receiver.  In  this  case,  also,  sulphuric  acid 
will  be  formed ;  but  it  will  not  combine,  as  before,  with 
(lie  allcali  of  the  nitre,  which  alkali  is  present  in  sufficient 
quantity  to  absorb  only  a  part  of  the  acid  produced.  The 
greater  part  of  the  acid  will  be  condensed  on  the  inner 
surface  of  the  glass  bell,  and  by  the  water,  which  will 
thus  l)ecorae  intensely  acid.  The  operation  may  be  re- 
peated three  or  four  times,  using  the  same  portion  of 
water.  V\'hen  the  water  is  partly  expelled,  by  evapora- 
tion in  a  glass  dish,  concentrated  sulphuric  acid  remains, 
uhich  has  been  formed  by  the  union  of  the  oxygen  of  the 
nitre,  and  that  of  the  atmospherical  air,  with  the  sulphur 
submiited  to  experiment.  By  a  process  of  this  kind,  but 
on  a  Iruge  scale,  and  in  extensive  leaden  chambers,  the 
sulpiiuric  acid  of  commerce  is  prepared.  The  dilute  acid, 
resulting  from  the  union  of  the  condensed  vapour  of  the 
burning  materials,  with  the  stratum  of  water  at  the  bottom 
of  the  chamber,  is  first  boiled  down  in  part  in  shallow 
leaden  vessels,  and  is  then  trarisferred  into  glass  retorts, 
where  it  is  farther  concentrated  by  the  continued  applica- 
tion of  heat. 

In  a  memoir  of  Clement  and  Desormes,  published  in 
Nicholson's  Journal,  xvii.  41,  it  is  proved,  that  the  nitre 
does  not  furnish  above  one  tenth  part  of  the  oxygen,  re- 
quired for  the  conversion  of  sulphur  into  sulphuric  acid, 
and  that  the  rest  of  the  oxygen  is  derived  from  the  atmo 
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splierical  air  of  the  chamber.  Sulphurous  acid,  they  sup-^ 
p  ).se,  is  in  the  first  instance  formed  by  the  combustion  of 
the  sulphur;  and,  at  the  same  moment,  nitrous  gas  is 
evolved  from  the  de-oxygc nation  of  the  nitric  acid  con- 
tained in  the  saltpetre.  This  nitrous  gas,  imiting  witlv 
the  jstmosphcric  oxygen,  composes  nitrons  arid  gas^ 
which  has  the  property  of  convertfng  sulphurous  into  sul^ 
phuric  acid,  and  of  returning,  at  the  same  time,  to  the 
state  of  nitrous  gas.  The  same  process  is  repeated,  and 
thus  the  £5ime  portion  of  nitrous  gas  acts  repeatedly  as  an 
intermedium  between  the  sulphur,  previously  changed 
into  sulphurous  acid,  and  tlie  atmospheric  oxygen. 

{/))  A  mixture  of  three  parts  of  powdered  nitre,  two  of 
earbojiatc  of  pota<h,  or  common  sah  of  tartar,  and  one  part 
of  sulphur,  ail  accurately  mixed  together,  forms  the  fid^ 
minuting  jiowdei'j  which  cXJ)lodes  with  a  loud  noise, 
when  laid  on  an  iron  heated  below  redness. 

(/)  A  mixture  of  five  parts  of  powdered  nitre,  one  part 
of  sulphur,  and  one  of  powdered  charcoal,  conri)oses  gwi' 
powder.  Tlic  materials  are  fii"st  very  finely  powdered 
separately,  tlien  mixed  up  together,  and  beaten  with  a 
wooden  pestle,  a  sufiicient  quantity  of  water  being  added 
to  prc\  ent  an  ex])losion.  Tlie  mixture  is  afterward  gra- 
nulated, by  passing  through  sieves,  and  dried  very  cau- 
tiously*, V 

Process  for  pre2)ftring  Altric  Acid. 

Nitrate  of  potash  is  decon)pt)sed  by  sulphuric  acid, 
which  combines  with  the  potash,  and  expels  the  nitric 


*  On  the  preparation  of  gunpowder,  and  the  theory  of  its 
detonation>  consult  Nicholson's  Journal,  xxiii.  277. 
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acid.  Put  into  a  gUiss  retort,  which  may  be  cither  tubu- 
hited  or  not,  four  parts  of  nitrate  of  potash,  reduced  to 
a  coarse  ])o\vder  and  pour  upon  it  three  parts  of  concen- 
trated sulphuric  acid.  Apply  a  tubulated  receiver,  of 
l;irge  capacity,  between  whicli,  and  the  retort,  an  adopter 
may  be  interposed ;  these  junctures  being  hited  witli 
a  mixture  of  pipe-clayj  sifted  sand,  and  cut  tow  or  flax. 
— To  tlie  tu1)uhne  of  the  receiver,  a  glass  tube  may  be 
^ixed  by  means  of  the  fat  lute,  and  may  terminate  in  an- 
other large  receiver,  containing  a  small  quantity  of  water. 
If  the  operator  wishes  to  collect  the  gaseous  products  also, 
this  second  receiver  should  be  provided  with  a  tubulure, 
to  which  a  bent  pipe  may  be  luted,  terminating  under  one 
of  the  inverted  funnels  in  the  shelf  of  the  pneumatic 
trough.  Apply  heat  to  the  retort,  through  the  interven- 
tion of  a  sand-bath.  The  first  product  that  passes  Into  the 
receiver,  is  generally  -of  a  red  colour,  and  of  a  smoking 
(jiiality.  Tliese  appearances  gradually  diminish;  and  if 
the  materials  used  were  clean,  the  acid  will  come  over 
pale,  and  even  colourless.  Afterwards  it  gradually  re- 
assumes  a  red  colour,  and  smoking  property ;  which  ap- 
pearances go  on  increasing  till  the  end  of  the  operation  ; 
and  the  whole  product,  mingled  together,  has  either  a 
yellow  or  an  orange  colour,  according  to  the  temperature 
employed. 

The  proportions  recommended  in  the  new  London  Phar- 
macopoeia for  the  preparation  of  nitric  acid,  are  two  pounds 
of  nitrate  of  potash,  deprived  by  heat  of  its  water  of  crj'stal- 
lization,  and  two  pounds  of  sulphuric  acid.  These  are 
directed  to  be  mixed  in  a  glass  retort,  and  distilled  in  a 
sand-bath,  until  a  red  va]X)ur  arises.  The  acid  in  the  re- 
ceiver is  to  be  mixed  with  an  ounce  of  nitrate  of  potash, 
and  again  distilled  in  a  similar  manner.    After  the  second 
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distillation  Ifs  specific  gravity  is  1.500.  The  Edinburgh 
Pliariiiacoj)oeia  makes  it  1.550,  and  Mr.  Kirwan,  at  60° 
Fahrenheit,  1. 55^13,  and  wlien  of  this  density  he  considers 
it  as  composed  of  73.54  real  acid  in  100,  and  the  rest 
water. 

The  following  table,  showing  the  results  of  several  ex- 
periments to  determine  the  best  proportions  for  preparing 
nitric  acid,  is  given  by  Dr.  Powell  in  his  translation  of 
the  Hmnivieopoeia  of  the  I^ondon  College  of  Physicians. 

QuiifiHtv  of   Snlpluiric     Colour  of       „    ^       wvi.'ht  Pelative 
dried  Nitro.       Acid.     Acid  obtained.    =r- ^r.     >^  cj^nt.  y^^^^^ 

6    .    .    3  .    .    Red    .    ,  1.53    .    3    .    .  21 
C    .    .    C  .    .  VVliite  .    .  1.50    .    4    .    .  29 
60    .    .  29  .    .    Red    .    .  1.45G  .  30   .    .  19 

When  the  proportions  were  6  of  nitre,  and  3  of  sulphu- 
ric acid,  there  was  no  redxuidant  acid  in  the  caput  mor-' 
tuum. 

The  J  cid,  which  first  passes  over,  has  the  greatest  speci- 
fic gravity.  In  an  experiment  of  Dr.  Perceval  of  Dublin, 
the  product  was  taken  in  three  portions ;  the  first  of  which 
had  the  specific  gravity  of  1.494,  the  second  of  1.485,  and 
the  third  of  1.442.  (Transactions  of  the  If ish  Academy, 
iv.  37.) 

In  tlie  large  vray,  and  for  purposes  of  the  arts,  it  is  * 
usual  to  substitute  earthen  or  cast-iron  retorts,  made 
extremely  thick,  for  those  of  glass.  Au  earthen  head 
is  a(!apted;  and  this  is  connected  with  a  range  of  proper 
condensors.  The  strengtli  of  the  acid  is  varied  also,  by 
putting  more  or  less  water  into  the  receiver. 

Nitric  acid,  ol)tained  by  this  process,  is  never  perfectly 
pure.    It  contains,  generully,  loth  sulphuric  axid  muriatic 
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acids  ;  the  former  of  which  Is  intHcated  by  a  white  preci- 
j)itate,  on  adding  a  sokition  of  nitiutc  of  baryles ;  and  the 
latter,  hy  a  milkiiwss  produced  by  nitrate  of  silver.  Tlie 
sulphuvic  acid  may  be  separated,  either  by  a  second  distil- 
lation from  a  portion  of  very  pure  nitre,  equal  in  weight 
to  one  eightli  of  that  originally  employed,  or  by  adding 
nitrate  of  barytes ;  allowing  the  precipitate  to  settle  ;  de- 
canting the  clear  liquid,  and  distilling  it.  Muriatic  acid 
is  separated  by  the  addition  of  nitrate  of  silver.  An  im- 
mediate niilkiness  cn«;ucs,  and  fresh  additions  must  be 
made  of  nitrate  of  silver,  its  long  as  it  occasions  this  ap- 
pearance. Then  allow  the  precipitate  to  subside;  de-  ^ 
cant  the  clear  liquid,  and  re-distill  it;  leaving  one  eighth 
or  one  tenth  in  the  retort.  ITw  product  will  be  pure  nitric 
acid.  Nitrate  of  lead  may  be  substituted  for  nitrate  of 
silver.    (See  Nicholson's  Journal,  xi.  134.) 

Tiie  nitric  acid  may  also  be  ol)tained  free  from  muriatic 
acid,  if  a  perfectly  pure  nitrate  of  potash  be  employed  for 
distillation.  This  purification  is,  in  a  great  measure,  ef-r 
fected  by  repeated  solution  of  the  nitre,  in  boiling  distilled 
water,  and  crystalli/Uition,  Finally,  re-dissolve  the  crystals 
in  warm  distilled  water,  and  add  nitrate  of  silver  as  long 
^s  any  precipitate  appc;n  s.  Allow  this  to  settle,  or  separate 
it  by  filtration.  The  next  product  of  crystals  will  be  per- 
fectly pure.  The  precipitated  silvrr  must  not  be  thrown 
away,  but  must  be  washed  with  distilled  water,  dried,  and 
preserved  for  the  recovery  of  the  silver,  by  a  process  to  be 
liereafter  described. 

Nitric  acid  obtained  in  this  manner  is  deficient  also  in 
another  respect ;  for  it  is  not  perfectly  oxygenated,  bit 
holds  in  solution  a  considerable  quantity  ,  of  nitrous  gas, 
and  hence  is  in  the  state  rather  of  nitrous  than  nitric  acid. 
To  convert  thq  former  into  th^  latter,  put  the  acid  into  ii 
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retort,  to  wliich  a  receiver  is  applied,  the  two  vessels  not- 
being  luted,  but  joined  merely  by  paper.  Apply  a  very 
gentle  lieat  for  several  hours  to  the  retort,  changing  the 
receiver  as  soon  as  it  becomes  filled  with  red  vapours.  The 
nitrous  gas  will  thus  be  expelled,  and  the  acid  will  remain 
in  the  retort  in  a  state  of  purity,  and  as  limpid  and  colour-, 
less  as  water.  It  must  be  kept  in  a  bottle  secluded  from 
the  light. 

One  hundred  parts  of  nitrate  of  potash,  according  to  La 
Grange,  yield  by  this  process  43  of  acid,  or,  according  ta 
my  experience,  above  50.  This,  however,  is  not  the 
whole  of  what  was  contained  in  the  salt :  for  a  part  is  de- 
composed by  the  temperature  necessary  to  the  operation. 
Accordingly,  a  large  quantity  of  oxygen  gas  is  disengaged 
during  the  distillation,  and  may  be  collected  by  an  obvi- 
ous addition  to  the  apparatus. 

In  the  retort,  there  remains  a  compound  of  potash  with 
more  sulphuric  acid  than  is  essential  to  its  saturation,  or 
a  super-sulpliate  of  potash.  On  submitting  this  to  a 
pretty  strong  heat,  the  excess  of  sulphuric  acid  is  ex- 
l^eiled;  and  the  residue,  dissolved  and  evaporated,  aftbrds 
crystallized  sulphate  of  potash. 

Art.  2. — Nitrate  of  Soda. 

I.  This  salt  may  be  formed,  by  saturating  carbonate  of 
soda  with  nitric  acid ;  or  by  distilling  common  salt  with 
three  fourths  its  weight  of  nitric  acid.  Wlien  the  former 
process  is  adopted,  the  solution  must  be  evaporated,  till  a 
pellicle  appears  on  its  surface,  and  then  allowed  to  cool. 
Crystals  will  be  produced,  having  the  shape  of  rhomboids, 
or  rhomboidal  prisms. 

U,  These  crystals  have  a  taste  like  that  of  saltpetre. 


SECT.  V. 


MTRATKS. 


439 


but  more  intense.  '^I'hey  are  soluble  in  tbree  parts  of 
water  at  60'',  and  in  less  than  an  ccjual  wcigiit  of  boiling 
v,at<^r.  They  attract  moisture  from  the  atmosphere.  In 
other  respects,  in  the  means  by  which  their  decomposition 
is  effected  and  its  results,  they  agree  with  the  nitrate  of 
potash.  The  only  use  of  nitrate  of  soda  is,  perhaps,  that 
which  has  been  suggested  by  Proust,  who  h;is  found  it  to 
be  more  economical  in  the  making  of  fire-works  than 
pitrate  of  potash.  (Nicholson's  Journal,  xv. 

Art.  .3. — Nitrate  of  ^Jmmoiiia, 

I.  The  most  simple  mode  of  preparing  this  salt  is  by 
adding  carbonate  of  ammonia  to  dilute  nitric  acid,  till 
saturation  has  taken  place.  If  the  liquor  be  evaporated, 
by  a  heat  between  70°  ^"id  100°,  to  a  certain  extent,  it 
shoots,  on  cooling,  into  crystals,  having  the  shape  of  six- 
sided  prisms,  terminated  by  long  six-sided  pyramids. 
Evaporated  at  the  temperature  of  212°,  it  yields,  on 
cooling,  thin  fibrous  crystals ;  and  when  the  evaporation 
is  carried  so  far,  that  the  salt  immediately  concretes  on  a 
glass  rod  by  cooling,  it  then  forms  a  compact  and  shapeless 
mass. 

II.  The  solubility  of  this  salt  varies,  according  to  the 
temperature  in  which  it  has  been  formed.  When  in  crys- 
tals, it  requires  twice  its  weight  of  water,  for  solution,  or 
half  its  weight  of  boih"ng  water.  It  deliqulates,  in  all  its 
forms,  when  exposed  to  the  atmosphere. 

III.  ITre  most  important  property  of  this  salt  is  tlie  one 
which  has  been  already  described,  viz.  of  yielding,  when 
decomposed  by  heat,  tlie  nitrous  oxide.  One  pound  of 
the  compact  kind  gives,  by  careful  decomposition,  nearly 
^iv^  I'ubic  feet  of  gas,  or  raiher  more  than  31  doses ;  so, 
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that  the  expense,  estimating  the  salt  at  5s.  lOd.  the 
pound,  is  about  2d.  for  each  dose. 

IV.  In  a  temperature  of  G00°  this  salt  explodes,  and  is 
entirely  decomposed.  Hence  it  was  formerly  called  ni- 
irum  Jiummans. 

V.  Its  composition  varies  according^ to  the  mode  of  it5 
preparation,  and  is  stated  by  Mr.  Davy  as  follows : 


Prismatic.  Fibrous.  Compact. 

69.5  72.5  7-'«-5  acid 

18.4  1J).3  19.8  ammonia 

12.1  8.2  5.7  water 

100  100  100 


Art.  4. — Kit  rate  of  Baryies. 

Nitrate  of  barytes  may  be  prepared,  by  dissolving  eithev 
the  artificial  or  native  carbonate  in  nitric  acid,  diluted 
with  eight  or  ten  parts  of  water.    If  the  artificial  carbonate 
be  employed,  it  should  be  previously  well  washed  with 
distilled  water,  till  the  washings  cease  to  precipitate  nitrate 
of  silver.    A  solution  of  nitrate  of  barytes,  mixed  with  one 
of  silver,  should  continue  perfectly  transparent.    On  eva- 
poration, it  yields  regular  octahedrons,  often  adhering  to 
each  other  in  the  form  of  stars ;  and  sometimes  it  is  ob- 
tained in  small  brilliant  plates.    It  requires  for  solution  12. 
times  its  weight  of  water  at  60°,  and  tluee  or  four  parts  of 
boiling  water.    It  is  not  altered  by  exposure  to  the  air. 
In  a  red-heat,  its  acid  is  decomposed,  and  the  earth  remains 
pure.    This  furnishes  another  method  of  procuring  pure 
barytes ;  but  the  heat  must  not  be  carried  too  far,  other- 
wise the  barytes  is  apt  to  vitrify  \vith  tlie  crucible.  The 
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j-esldue,  on  tlie  addition  of  water,  dissolves  with  great  lieat 
3nd  uolse,  and  the  sokition,  on  coohng,  yields  crystals  of 
pure  barytes. 

Nitrate  of  barytes  is  conipased,  in  100  parts,  according 
to  Clement  and  Desorines,  of  CO  base,  and  40  acid  and 
water.    Mr.  James  Thomson  states  its  composition  to  be 

59.3  barytes 

40.7  acid  and  water 

Art.  5. — Nitrate  of  Strontiten. 

Tills  salt  may  be  obtained  in  the  same  manner  as  the  nir 
trate  of  bar\i:es,  with  which  it  agrees  in  most  properties. 
The  solubility  of  its  crystals,  however,  differs  considerably; 
for  they  are  dissolved  by  their  own  weight  of  water  at  GO*^, 
or  by  little  more  than  half  tlieir  weight  of  boiling  water. 
When  applied  to  the  wick  of  a  candle,  or  added  to  boiling 
alcohol,  they  communicate  to  the  flame  a  deep  blood-red 
colour.  They  arp  decom[X)sed  l)y  a  high  temperature,  and 
alford  pure  strontitic  earth. 

Art.  6. — Nitmte  of  Lime. 

Tliife'salt  is  found  aljundantly  in  the  cement  of  old  build- 
ings, which  have  been  long  inhabited  by  man  or  other  ani- 
mals. To  prepare  it  artit?oially,  nitric  acid,  diluted  with 
five  or  six  parts  of  water,  may  be  saturated  with  carbonate 
ot  lime.  VVhen  this  solution  is  boiled  down  to  the  consist- 
ence of 'syrup,  and  exposed  in  a  cool  place,  long  prismatic 
crystals  are  formed,  resembling,  in  their  disposition,  bundlesi 
of  n.-odles  diverging  from  a  common  centre.  These  crys-t 
ta^h  are  reauily  soluble  in  water,  of  which,  at  GO*^,  they  rev. 
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quire  two  pari?,  and  boIlin<^  water  dissolves  an  equal 
weight.  Tlicy  deliquiate  h'peedily,  when  exposed  to  the 
air ;  and  are  decomposed  at  the  temperature  of  ignition. 

W  lien  a  solution  of  nitrate  of  lime  is  evaporated  to  dry- 
ijci^s  in' an  earthen  vessel,  then  fused  for  five  or  ten  minutes 
in  a  crueible,  and  poured,  v/hile  in  fusion,  into  an  iron  pot 
previously  heated,  the  congealed  mass  forms  JBa/dwht's 
^>hosj)hon(s.  It  must  Ije  broken  into  pieces,  and  pre- 
served in  a  well-stopped  phial.  ^J'hese  pieces,  after  having 
been  exposed  to  the  sun  for  a  few  hours,  emit  in  the  dark 
a  beautiful  white  light,  affording  one  variety  of  solar  phos^ 
phorus, 

Art.  7. — Nitrate  of  Magnesia. 

This  compound  may  be  prepared,  by  dissolving  carbo-, 
nate  of  magnesia  in  diluted  nitric  acid.  'Hie  solution, 
when  evaporated,  yields  crystals  in  the  shape  of  prisms, 
with  four  oblique  faces  truncated  at  their  summits.  Most 
commonly,  however,  it  forms  a  shapeless  mass,  consisting 
of  an  immense  number  of  small  needle-shaped  crystals, 
crossing  each  other  irregularly.  These  crystals  deliquiate 
in  the  air,  and  are  soluble  in  half  their  weight  of  water. 
When  CKposed  to  the  heat  of  ignition,  they  fuse ;  a  few 
bubbles  of  oxygen  gas  first  escape ;  and  the  nitric  aci4 
tlien  passes  undecomposed, 

Art,  S. — Nitrate  of  Alumine. 

This  salt  is  but  little  known.  It  may  be  formed  by  the 
solution  of  fresh  precipitated  alumine,  which  has  been 
v.ell-washed  with  distilled  water,  but  not  dried,  in  diluted 
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nitric  acid,  with  the  a?:sistance  of  heat.  Tiie  sohition, 
which  has  always  an  excess  of  acid,  after  evaporation,  crys^ 
tallizes  in  thin  ductile  plates.  The  crystals  are  extremely 
soluble;  and,  on  the  application  of  a  high  temperature, 
abandon  their  acid.  They  are  decomposed  by  most  al- 
kalis and  earths.  Pure  potash,  added  in  excess,  re-disr 
solves  the  precipitate. 


xVrt.  V. — Nitrate  of  GUwbie, 

Tlie  nitrate  of  glucine  is  a  sweet  tasted  salt,  which  can- 
not be  brought  to  crystallize.  When  evaporated  to  dry- 
ness, it  rapidly  absorbs  moisture  from  the  atmosphere.  It 
is  soluble  in  alcohol.  A  high  temperature  decomposes  it, 
without  elfecting  its  previous  fusion. 


Art.  10. — Nitrate  of  Zircon, 

Tlie  nitric  acid  dissolves,  but  cannot  be  saturated  with, 
fresh  precipitated  zircon.  The  solution  has  always  an  ex- 
cess of  acid.  When  evaporated,  it  forms  a  yellowish  trans- 
parent mass,  extremely  tenacious  and  viscid,  and  difficultly 
dried.  It  lias  a  styptic  astringent  taste,  and  leaves  on  the 
tongue  a  thick  substance,  in  consequence  of  its  partial  de- 
composition by  the  saliva.  This  dry  nitrate  is  extreiuely 
soluble.  The  solution  is  decomposed  by  sulphuric  acid, 
and  by  carbonate  of  ammonia,  which  throw  down  a  preci- 
pitate soluble  in  an  excess  of  the  acid,  or  of  the  carbonate. 
Tincture  of  galls  forms  a  white  precipitate,  wluch  is  soluble 
:n  an  excess  of  the  tincture. 
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Art.  11. — Nitrate  of  Yttria 

May  be  prepared  by  dissolving  yi'ria  in  pitric  Qcid.  The 
."Solution  has  a  sweetish  astringent  tiistc ;  and,  in  most  pro- 
perties, resembles  nitrate  of  glucinc.  it  can  scarcely  be 
obtained  in  crystals ;  and  if  too  great  a  lieat  be  applied 
during  evaporation,  the  salt  becomes  soft,  assumes  the  ap- 
pearance of  honey,  and  concretes,  on  cooling,  into  a  hard 
stony  mass.  Exposed  to  the  air,  it  attracts  moisture,  and  h 
resolved  intQ  a  liquid. 


SECTION  VI. 

Nitrites. 

The  direct  combination  of  nitrous  acid  with  alkalis  and 
earths  cannot  be  effected  :  for  this  acid,  consisting  of  nitric 
acid  with  a  redundancy  of  nitrous  gas,  is  decomposedS 
during  all  these  combinations,  the  nitrous  gas  escapes,  and 
the  result  is  a  compound  of  nitric  acid  with  the  base  em- 
ployed. The  only  mode  of  obtaining  nitrites,  is  to  deprive 
the  acid,  contained  in  the  nitrates,  of  part  of  its  oxygen,  by 
exposure  for  a  short  time  to  the  temperature  of  ignition. 
This  method,  it  must  be  obviou?,  cannot  be  used  with  those 
nitrates  that  abandon  their  acid  on  the  application  of  heat, 
or  which,  like  nitrate  of  ammonia,  are  more  completely 
-  decomposed. 

In  a  recent  memoir  of  Gay  Lussac  it  is  asserted,  howr 
ever,  that  the  nitrites  may  be  composed  by  the  direct  com- 
i^ination  of  alkaline  and  earthy  bases  with  nitrous  acid, 
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formed  in  the  new  mode  proposed  by  him  and  already  de- 
scribed under  the  article  nitrous  acid. 

Nitrate  of  potash,  after  fusion  in  a  crucible,  becomes  a 
nitrite  of  that  alkali.  It  has  a  smell,  when  powdered,  of 
nitrous  gas.  When  diluted  nitric  acid,  or  even  acetic 
acid,  is  poured  upon  it,  vapours  of  nitrous  acid  are  disen- 
gaged ;  and  hence  it  appears,  that  the  affinity  of  this  acid 
for  its  base  is  weakened  by  dis-oxygenation ;  for  no  such 
effect  arises  on  adding  these  acids  to  the  nitrate.  The  so- 
lution of  the  salt  in  water  changes  the  syrup  of  violets  to 
green.    Its  other  properties  are  little  known. 


CHAPTER  XIV. 

MURIATIC  ACID,  OXY-MURIATIC  ACID,  AND  THEIR 

COMBINATIONS  WITH  ALKALIS. 

OF  the  base  of  the  muriatic  acid,  no  history  cail  be  at 
present  given ;  for  the  analysis  of  this  acid  has  not  yet  been 
satisfactoi  ily  accomplished,  even  with  the  assistance  of  the 
new  powers  and  agents,  which  have  been  unfolded  by  the 
discoveries  of  Mr.  Davy.  From  his  experiments,  as  well 
as  from  those  of  the  French  chemists,  it  appears  that  the 
muriatic  acid,  in  the  purest  form  under  which  it  has 
hitherto  been  obtained,  still  holds  in  combination  one 
third  its  weight  of  water,  which  is  even  essential  to  its 
existence  as  a  gas.  For  the  acid  cannot  be  detached  from 
its  combination  with  alkalis,  earths,  or  metallic  oxides,  by 
any  third  substance,  unless  that  third  su1)stancc  contains  a 
proportion  of  water. 

Oxy-muriatic  acid  is  a  compound  of  the  same  base  with 
a  certain  proportion  of  oxygen.  Into  this  compound,  the 
water,  which  is  essential  to  the  constitution  of  ordinary 
muriatic  acid,  does  not  enter.  It  follows,  therefore,  that 
a  certain  base,  united  with  water,  com^wses  muriatic  acid 
gas ;  and,  united  with  oxygen,  oxymuriatic  acid. 
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SKCTION  r. 

Muriativ  AchJ. 

1.  TiJJi  muriatic  acid,  In  lis  jnirest  form,  exists  in  the 
State  of  a  gas,  permanent  over  mercury  only.  For  exhi^ 
biting  its  properties,  therefore,  a  mercurial  apparatus  Is  ab- 
solutely necessary. 

To  obtain  muriatic  acid  gas,  let  tlie  tubulated  gas  bottle 
(plate  il.  fig.  17)  be  about  one  fourth,  or  one  third,  filled 
with  well  dried  muriate  of  soda  (common  salt).  To  tliis 
adapt  the  acid-holder,  filled  with  concentrated  sulphuric; 
acid ;  and  let  the  apertui  e  of  the  bent  pipe  terminate  un- 
der a  jar  filled  with,  and  inverted  in,  qulcksilv^er.  Open 
the  communication  between  the  acid  and  the  salt,  by 
turning  the  cock ;  and  immediately  on  the  contact  of  tliese 
two  bodies,  an  immense  quantity  of  muriatic  acid  gas  will 
be  disengaged.  The  first  portions,  that  come  over,  may  be 
allowed  to  escape,  by  holding  the  gas  bottle  under  a  chim- 
ney ;  because  they  are  contamina+ed  by  tlie  admixture  of 
the  common  air  present  in  the  bottle.  Tiie  subsequent 
portions  may  be  preserved  for  use ;  and  the  pure  gas  will 
exhibit  the  following  qualities : 

(a)  It  has  a  very  pungent  smell ;  and  is  sulliclcntly 
caustic  to  blister  the  skin,  when  applied  to  it  for  sometime. 

(A)  When  brought  into  contact  with  common  air,  it 
occasions  a  white  cloud.  This  is  owing  to  its  union  with 
the  moisture  always  present  in  the  atmosphere. 

(c)  It  extinguishes  a  llglited  candle.  Before  the  flame 
goes  out,  the  upper  part  of  it  assumes  a  greenisli  hue,  the 
cause  of  which  has  not  yet  ])een  explained.  A  v.iiite 
vapour  also  surrounds  the  extinguished  wick,  owing  to  the 
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combination  of  water,  produced  by  the  combustion  of  the 
candle,  with  the  muriatic  acid  gas. 

Cd)  It  is  heavier  than  common  air,  in  the  proportion  of 
1;3  to  100.  Biot  and  Gay  Lussac,  however,  state  its 
specific  gravity  at  only  1.2/8.  Hence  100  cubic  inches 
(taking  that  quantity  of  common  air  at  31  grains)  should 
weigli  only  39.51  grain?, 

(e)  It  eflects  the  liquefaction  of  a  piece  of  ice,  almost  as 
rapidly  as  a  red-hot  coal. 

(f)  It  is  very  rapidly  absorbed  by  water.  A  drop  or 
two  of  water.,  admitted  to  a  large  jar  full  of  this  gas,  causes 
the  whole  of  it  instantly  to  disappear.  According  to  Mr, 
Kirwan,  an  ounce-measure  troy  of  water  absorbs  800 
cubical  inches  (/".  e.  421  times  its  bulk,  or  its  own  weight) 
of  muriatic  acid  gas ;  and  the  water,  by  this  absoqition,  is 
increased  about  one  third  its  original  volume;  Dr. 
Thomson's  experiments  indicate  a  still  larger  absorption, 
viz.  515  cubical  inches,  or  308  grains  by  one  cubic  inch, 
equal  to  252  grains,  of  water,  at  G0°  Fahrenheit;  the 
barometer  standing  at  29.4.  The  recent  eJiperlmenis  of 
Berthollet  have  shown  that  100  grains  of  water  absorb 
12.467  of  muriatic  acid  gas  deprived  of  all  redundant 
water  by  passing  it  through  a  tube,  surrounded  by  a  freezing 
mixture.  By  this  absorption,  we  obtain  an  acid  of  the 
specific  gravity  10G1.4.  From  calculation  it  ap})ears  that 
acid  of  this  density  contains  in  100  grains  Duly  8.55  of 
real  acid. 

(g)  Muriatic  acid  gas  is  not  docon]po.sed  by  being  trans- 
mitted over  red-hot  chaicoid,  nor  by  a  succession  of 
electrical  shocks.  The  action  of  electricity,  however, 
evolves  a  small  portion  of  hydrogen  gas,  proceeding  fron> 
the  water  which  the  acid  gas  holds  in  combination.  From 
an- estimate,  founded  on  this  experiment,  I  ha\  e  iiuerred. 
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that  100  cul)ic  inches,  or  60  grains  of  muriatic  ari<l  gas, 
after  being  dried  by  muriate  of  lime,  liold  in  combmatiou 
1.4  grain  of  water.  (Philosophical  Transi\ctions,  1800.) 
The  more  recent  researches  of  Berthollct  and  Davy,  how- 
ever, have  discovered  a  much  larger  proportion.  Accordinjr 
to  The  former*,  one  fourth,  and  according  to  tlie  latter  a 
third,  of  the  weight  of  muriatic  acid  gas  is  water. 

Nature  of  Muriatic  Acid. 

Froiri  the  powerful  agency  of  potassiuni  in  depriving 
bodies  of  oxj  gen,  it  was  natural  to  expect  that  if  the 
muriatic  acid  be  a  compound  of  oxygen  with  a  peculiar 
basis,  its  decomposition  might  possibly  be  effected  by 
means  of  this  new  metal.  Tiie  experiment  was,  therefore, 
made  by  Mr.  Davy  whh  considerable  attention,  and  with 
the  following  result. 

When  potassium,  he  observes,  is  introduced  into  muriatic 
acid  gas,  dried  by  muriate  of  lime,  it  immediately  becomes 
covered  with  a  white  crust ;  it  heats  spontaneously and^ 
by  the  assistance  of  a  lamp,  acquires,  in  some  parts,  the  ' 
temperature  of  ignition,  but  does  not  inflame.  If  thei 
potassium  and  the  gas  be  in  proper  proportions,  they  both  • 
entirely  disappear;  a  white  salt  is  formed,  and  a  quantity 
of  pure  hydrogen  giis  is  evolved,  which  is  equal  to  about 
one  third  the  original  volume  of  the  acid  gas.  Eight 
grains  of  potassium  eflecred  the  absorption  of  nearly 
twenty-two  cubic  inches  of  muriatic  acid  gas :  and  the 
quantity  of  hydrogen  gas  produced  amounted  to  more  than 
eight  cubical  inches. 

It  is  remarkable,  however,  that  a  given  weight  of  po- 
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tassiuni,  by  its  action  on  muriatic  acid  gas,  evolves  exactly 
the  same  quantity  of  hydrogen,  as  would  arise  from  its 
agency  on  water.  This  fact  may  be  regarded  almost  as. a 
proof  that  the  phenomena  depend  merely  on  tlie  water, 
which  the  gas  holds  in  combination.  But  the  conclusion 
is  decisively  established,  by  comparing  the  real  muriatic 
acid  (which  may  be  done  by  precipitation  with  nitrate  of 
silver)  in  the  muriate  of  potash  generated  in  the  experi- 
ment, with  that  contained  in  an  equal  volume  of  the  gas 
itself;  and  if  this  be  accurately  performed,  no  difference, 
Mr.  Davy  observes,  will  be  found  in  the  weight  of  the 
results. 

The  action,  then,  of  potassium  on  muriatic  acid  gas 
consists, entirely  in  its  decomposing  the  water  of  the  gas, 
and  not  at  all  in  the  destruction  of  its  really  acid  part. 
The  decomposition  of  this  acid,  therefore,  remains  as 
much  a  problem  as  ever. 

Though  the  principal  object  of  Mr.  Davy's  experiments 
on  muriatic  acid  was  not  accomplished,  j-et  several  curious 
facts  occurred  in  the  investigation,  some  of  which  it  may 
be  proper  to  state. 

A  variety  of  expedients  were  attempted  to  obtain  mu- 
riatic acid  gas  perfectly  free  from  water,  but  without  suc- 
cess. The  materials,  which  are  capable  of  affording  it 
when  either  one  or  both  contain  water,  yield  no  gas  what- 
soever when  both  are  in  a  state  of  complete  dryness.  Thus 
dry  phosphoric  acid  or  boracic  acid,  mixed  with  dry 
muriate  of  lime,  and  strongly  heated  in  a  forge,  give  no 
gas.  Hence  it  would  appear  that  water  is  an  essential 
constituent  of  this  gas.  The  quantity,  which  it  contains, 
Mr.  Davy  estimates  at  about  one  third  of  its  weight. 

Though  muriatic  acid,  however,  cannot  be  obtained  in 
a  state  of  complete  separation  from  water,  yet  in  some  of 
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its  combinations,  it  appears  not  to  contJiin  any  of  this  fluid. 
When  in  tliis  state  it  is  very  remarkable,  that  though  its 
acidity  be  not  neutralized,  yet  it  loses  one  of  the  distin- 
guisliing  characters  of  an  acid,  viz.  tliat  of  reddening 
litmus  paper.  Tims  in  the  liquid  compound  of  muriatic 
and  phosphorous  acids,  perfectly  dry  litmus  paper  sustains 
no  cliange  of  colour ;  but  is  immediately  reddened  when 
introduced  moist. 

All  fluid  acids,  also,  are  good  conductors  of  electricity; 
but  the  liquid  compounds  of  muriatic  acid  free  from  water 
(such  as  that  with  phosphorous  acid)  are  complete  non- 
conductors. 

It  is  still  farther  remarkable  that  tlie  muriatic  acid, 
existing  in  these  liquid  compounds,  is  rendered  gaseous  by 
the  addition  of  water,  a  confirmation  of  the  principle  that 
water  is  essential  to  the  constitution  of  this  giis. 

Of  all  known  acid  substances,  Mr.  Davy  observes  (Phi- 
losophical Transactions,  1809,  page  4G8),  the  dry  muriatic 
acid  is  that  which  seems  to  possess  the  strongest  and  most 
extensive  powers  of  combination.  It  unites  with  all  acids 
except  the  carbonic;  and  with  all  oxides  (including water); 
and  witli  all  the  compound  inflajnmable  bodies  except 
carbonaceous  matter  and  metals.  Should  it  ever  be  ob- 
tained in  a  pure  form,  it  will  probably  be  one  of  the  most 
powerful  agents  in  chemistry. 

Process  for  preparing  Liquid  Muriatic  Acid. 

Into  a  tubulated  retort,  placed  in  a  sand-batii,  put  eight 
pi\rts  of  dried  muriate  ot  soda ;  and,  to  the  tubulure,  lute 
tlie  bent  tube  (fig.  26",  a)  with  fiit  lute.  To  the  neck  of 
the  retort,  aOix  a  tul)ul:ited  receiver  (fig.  30,  h)  by  means 
of  the  same  lute ;  and  to  the  aperture  of  this  adapt  a  tube, 
twice  bent  at  rigiit  aneles,  and  furnished  witlt-  Welter's 
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contrivance  for  preventing  absorption  (fig.  31,  h),  the 
longer  leg  of  which  terminates  heneatli  the  surface  of 
water  contained  in  a  two-necked  bottle.    From  tlic  other 
neck,  let  a  second  right-angled  pipe  proceed;  and  this 
may  terminate  in  a  similar  manner,  in  a  second  bottle 
containing  water.    Let  the  junctures  be  all  carefully  luted; 
and,  when  they  are  sufficiently  hardened,  pour  very  gra- 
dually through  the  bent  tube  five  parts  by  weight  of  strong 
sulphuric  acid,  making  tlie  additions  at  several  distant 
intervals.    On  each  affusion  of  the  acid  a  large  quantity 
of  muriatic  acid  gas  will  be  liberated,  and  will  be  absorbed 
by  the  water  of  the  first  bottle,  till  this  has  become 
saturated.    It  will  then  pass  on  to  the  second  bottle,  and 
be  there  absorbed.    The  water  employed  may  amount  to 
half  the  weight  of  the  salt,  and  may  be  equally  distributed 
between  the  two  bottles.    Tliese  it  is  better  to  surround 
with  cold  water,  or,  still  preferably,  with  ice  or  snow; 
because  the  condensation  of  the  gas  evolves  considerable 
heat,  which  prevents  the  water  from  attaining,  its  full 
impregnation.    When  the  whole  of  the  sulphuric  acid  has 
been  added,  and  the  gas  no  longer  issues,  let  a  fire  be 
lighted  in  the  furnace,  beneath  the  sand-bath,  removing 
the  bent  tube  ff,  and  substitutiiig  a  well-ground  glass 
stopper.    This  will  renew  the  production  of  gas ;  and  the 
temperature  must  be  preserved,  as  long  as  gas  continues  to 
be  evolved.    At  this  period  it  is  necessary  to  keep  the 
luting,  which  connects  the  retort  and  receiver,  perfectly 
cool ;  otherwise  it  will  be  apt  to  melt.    To  this  juncture, 
indeed,  I  prefer  the  application  of  the  clay  and  sand  lute ; 
but  this  requires  some  address.    Towards  the  close  of  the 
process,  a  dark-coloured  liquid  is  condensed  in  the  first 
receiver,  consisting  of  a  mixture  of  sulphuric  and  muriatic 
acids.    When  nothing  more  comes  over,  the  operation 
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may  be  suspended,  and  the  liquid  in  the  two  bottles  must 
be  preserved  in  bottles  with  ground  stoppers.  It  consists 
of  liquid  muriatic  acid. 

Tlie  liquid  muriatic  acid  may  also  be  obtained  by  di- 
luting the  sulphvu'ic  acid  with  the  water  necessary  for  the 
condensation  of  the  gas,  and  adding  the  dihite  acid,  when 
cold,  to  the  salt  in  the  retort.  To  the  retort,  an  adopter 
may  be  luted  with  the  clay  and  sand  lute ;  and  tin's  may 
terminate  in  a  large  tubulated  receiver,  from  the  aperture 
of  which  a  right-angled  Welter's  tube  proceeds,  and  is 
conveyed  beneath  a  few  ounces  of  water,  contained  in  a 
two-necked  bottle.  A  fire  must  then  be  lighted  under  the 
sand-bath,  and  continued  as  long  as  any  liquid  comes  over. 
The  adopter  and  receiver  must  be  kept  cool,  by  the  con- 
stant application  of  moistened  cloths. 

The  proportions,  directed  by  the  London  College  of 
Physicians,  are  four  parts  of  dried  salt,  three  of  sulphuric 
acid,  and  three  of  water,  all  by  weight.  The  acid  and  one 
tlrird  of  the  water  are  ordered  to  be  mixed  together  in  a 
glass  retort.  When  they  are  cold,  the  muriate  of  soda  is 
to  be  added ;  the  remainder  of  the  water  poured  into  a 
receiver;  and,  the  retort  and  receiver  being  luted  together, 
the  muriiitic  acid  is  to  be  distilled  into  the  latter,  by  a  heat 
gradually  raised  to  redness.  If  the  whole  charge  of  acid, 
water,  and  salt,  be  introduced  at  once  into  the  retort,  the 
first  application  of  heat  detaches  muriatic  acid  gas,  without 
water  enough  to  condense  it ;  and  a  portion  passes  to  waste. 
Care  should  be  taken  not  to  close  the  luting,  till  the  whole 
of  the  common  air  is  first  expelled.  The  charge  should 
not  occupy  moi,e  than  half  the  bulk  of  the  retort,  and  this 
vessel  may  be  preserved  after  the  operation  by  pouring 
water  at  212'^  into  it,  when  the  materials,  remaining  after 
distillation,  have  cooled  down  to  about  that  temperatur<f. 
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The  weight  of  the  acid  produced  should  equal,  or  a  little 
exceed,  that  of  the  salt  employed*. 

If  the  muriatic  acid,  thus  obtained,  should  contain  sul- 
phuric acid,  which  maybe  discovered  by  muriate  of  barytes 
occasioning  a  white  precipitate,  the  acid  is  to  be  re7distilled 
from  a  fresh  portion  of  muriate  of  soda.  When  prepared 
by  Woulfc's  apparatus,  the  product  in  the  second  bottle  is 
always  perfectly  pure. 

The  acid  formed  by  the  latter  process  has  the  specific 
gravity  only  of  about  1170;  but  by  Woulfc's  apparatus, 
and  especially  when  the  bottles  are  surrounded  by  ice  or 
snow,  it  approaches  that  of  1500.  The  lower  degree  of 
specific  gravity,  however,  which  has  been  mentioned,  is 
best  adapted  for  keeping ;  for  the  dense  acid  emits  a  large 
quantity  of  fumes,  which  are  extremely  inconvenient  and 
injurious  to  all  metallic  instruments. 

The  caput  moituum  consists  of  sulphate  of  soda  with 
some  undecomposed  muriate  of  soda.  Tlie  former  may 
be  obtained,  in  a  crystallized  form,  by  first  driving  off,  by 
a  strong  heat,  the  excess  of  sulphuric  acid  that  adheres  to 
it ;  and  then  dissolving  it  in  hot  water.  The  product  of 
sulphate  of  soda  exceeds  that  of  the  muriate  employed  in 
the  proportion  of  about  eight  to  five. 

Liquid  muriatic  acid  has  the  following  properties : 

1.  It  emits  white  suffocating  fumes.    These  consist  of 


♦  Calculating  on  tlie  data  already  quoted  from  Berthollet, 
and  assuming  that  muriate  of  soda  contains  -1.6  per  cent,  of 
aciil,  100  parts  of  common  salt,  supposing  it  to  he  entirely 
decomposed  by  sulphuric  acid,  and  none  of  tlie  gas  to  be  lost, 
should  impregnate  368  parts  of  water  to  the  density  1160, 
and  afford  414  parts  of  liquid  acid  of  that  specific  gravity. 
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muruitic  acid  gas,  which  becomes  visible  by  contact  with 
the  moisture  of  the  air. 

2.  When  heated  in  a  retort,  or  gas  l)ottle,  muriatic 
acid  gas  is  disengaged,  and  may  be  collected  over  mer- 
curv. 

3.  Liquid  muriatic  acid  is  not  deconiposed  by  the 
contact  of  charcoal,  essential  oils,  or  otiier  combustible 
bodies. 

4.  When  diluted  with  water,  no  remarkable  elevation  of 
temperature  is  produced. 

5.  In  a  perfectly  pure  state  it  is  quite  colourless;  but  it 
has  frequently  a  yellowish  hue.  This  may  proceed,  either 
from  a  portion  of  oxygenized  muriatic  acid,  or  of  muriate 
of  iron,  but,  I  believe,  most  commonly  of  the  latter.  This 
colour  is  instantly  destroyed  by  a  few  drops  of  muriate 
of  tin. 

G.  Muriatic  acid  combines  readily  with  alkalis,  and 
with  most  of  the  earths,  both  in  their  pure  and  carbonated 
states. 


SECTION  II. 

Muriates. 

Art.  1. — Muriate  of  Potash. 

Muriate  of  potash  may  be  obtained  ])y  saturating 
muriatic  acid  with  carbonate  of  potash,  and  evaporating 
the  solution  till  the  salt  crystallizes,  lliese  crystals  have  a 
cubical  shape,  and  a  bitter,  disagreeable  taste ;  they  dis- 
solve in  three  times  their  weight  of  water,  at  6'0°  and  in 
a  rather  less  proportion  of  boiling  water.    They  undergo 
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little  change  when  exposed  to  the  air;  they  decrepitate 
when  tlirown  on  the  fire,  but  abandon  only  a  small  portion 
of  thek  acid. 

From  the  experiments  of  BerthoUet  it  appears  that  tliis 
salt  is  composed,  exclusive  of  water,  of 

CG.6G  potash 
33.34  acid 

-  100 

« 

Art.  2. — 3Iuriate  of  Soda. 

Muriate  of  soda  is  that  well  known  substaiice,  common 
salt,  which  is  become  a  necessary  ingredient  in  the  food  of 
man,  and  is  of  essential  utility  in  several  of  the  arts. 

I.  Its  composition  may  be  proved,  by  the  direct  union 
of  soda  with  muriatic  acid. 

But  for  purposes  of  experiment,  the  common  salt  may 
be  employed,  which  is  to  be  found  in  the  shops.  This 
may  be  purified,  by  adding  to  a  solution  of  it  in  water  a 
solution  of  carbonate  of  soda,  as  long  as  any  milkiness 
ensues;  filtering  the  solution,  and  evaporating  it  till  it 
crystallizes. 

II.  Its  qualities  are  as  follow : 

1.  It  crystallizes  in  regular  cubes,  which,  when  the  salt 
is  pure,  are  but  little  changed  by  exposure  to  the  air.  The 
common  salt  of  the  shops,  however,  acquires  an  increase 
of  weight,  in  consequence  of  the  absorption  of  moisture. 
The  various  forms  imder  which  it  appears,  of  stoved  salt, 
fishery  salt,  bay  salt,  &c.,  arise  rather  from  differences  in 
the  size  and  compactness  of  the  grain,  than  from  any 
essential  ditfcrcnce  of  chemical  composition. 
..  2.  It  requires,  for  solytiun,  twice  and  a  half  its  weight; 
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of  water,  at  60°  of  Fahrenheit,  and  hot  water  takes  np  very 
little  more.  Hence  its  solution  crystallizes,  not  like  that 
of  nitre,  by  cooling,  but  by  evaporation. 

3.  When  heated  gradually  it  fuses,  and  forms,  when 
cold,  a  solid  compact  mass. 

4.  If  suddenly  heated,  as  by  throwing  it  on  red-hot 
coals,  it  decrepitates.  It  does  not,  however,  after  being 
dried  ac  the  temperature  of  boiling  water,  lose  by  ignition 
more  than  two  or  three  parts  of  water  2)er  cent. 

5.  It  is  not  decomposed  when  ignited  in  contact  with 
inflammable  substances. 

6*.  When  mixed  with  powdered  charcoal  or  sulphur, 
and  fused  in  a  crucible,  it  does  not  undergo  any  decom- 
position or  essential  change ;  because  the  muriatic  acid,  if 
it  contain  any  axygen  (which  has  not  yet  been  proved), 
holds  that  basis  more  strongly  conibined  than  it  is  attracted 
by  combustible  bodies, 

7.  It  is  decomposed  by  the  carbonate  of  potash,  the 
alkali  of  which  combines  with  the  muriatic  acid  of  the  salt, 
and  the  carbonic  acid  is  transferred  to  the  soda. — Hence 
we  obtain  muriate  of  potash  and  carbonate  of  soda.  A 
process  for  effecting  this  decomposition,  on  a  large  scale,  is 
described  by  Westrumbj  in  Crell's  Journal,  English  transla- 
tion, ii.  127. 

8.  It  is  decomposed  by  the  sulphuric  acid  in  the  mode  al- 
ready described.  Nitric  acid  also  separates  the  muriatic  acid. 

It  consists  according  to  Darcet,  whosq  estimate  has  thct 
sanction  of  Gay  Lussac,  of 

50.73  alkali 
49.27  acid 

loq. 


458  MURIATES.  CHAP.  XIV. 

Dr.  Marcct,  liowever  (PhilosopliicalTransactions,  1807), 
whose  analyses  are  distinguished  by  peculiar  neatness  and 
precision,  calculates  its  composition  to  be 

46  acid 
54  soda 

100 

Art.  3. — Muriate  of  Ammoyiia. 

1.  If  equal  measures  of  ammoniacal  gas  and  muriatic 
acid  gas  be  mixed  together,  over  mercury,  they  arc  imme- 
diately and  totally  condensed,  a  white  cloud  is  formed,  and 
a  solid  substance  is  deposited  on  the  sides  of  the  vessel. — . 
Tills  is  the  muriate  of  ammonia.  It  is  composed,  by 
weight  of 

38.35  alkali 
61.6"5  acid 

100 

For  the  purposes  of  experiment,  it  may  be  j)rocured  in 
the  shops,  under  the  name  of  sal-ammoniac. 
Its  properties  are  as  follow : 

(a)  It  is  volatilized,  without  being  liquefied  or  decom- 
posed, and  hence  may  be  sublimed, 

[h)  It  is  readily  soluble  in  water,  three  parts  and  a  half 
of  which,  at  60*^  take  up  one  of  the  salt.  During  its  solu- 
tion much  caloric  is  absorbed.  In  boiling  water  it  is  still 
more  soluble;  and  the  solution,  on  cooling,  shoots  into 
regular  crystals. 

(c)  It  slightly  attracts  moisture  from  the  air. 

{d)  On  the  addition  of  a  solution  of  pure  potash,  or 
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pure  soda,  the  aikali  is  disengaged,  as  is  evinced  by  tlie 
pungent  smell  that  arises  on  the  mixture  of  these  two 
bodie?,  though  perfectly  inodorous  when  separate. 

{e)  It  is  also  decomposed  by  barytes,  strontites,  lime, 
and  magnesia. 

For  the  purpose  of  separating  the  volatile  alkali,  and 
obtaining  it  in  a  liquid  form,  lime  is  generally  employed. 
Two  parts  of  powdered  and  sifted  lime  are  to  be  mixed 
with  one  of  muriate  of  ammonia,  and  put  into  a  retort,  the 
neck  of  which  is  to  be  luted  (with  slips  of  moistened 
bladder,  bound  down  by  string),  to  a  tubulated  receiver 
(fig.  31,  a).  From  the  other  opening  of  the  receiver,  a 
right-angled  tube,  with  Welter's  addition  (fig.  31,  i),  is  to 
proceed,  and  to  terminate  beneath  the  surface  of  water, 
contained  in  a  two-necked  bottle  {c).  This  bottle  is  to  be 
connected,  by  a  second  right-angled  tube,  with  another 
similar  bottle  (</),  containing  (as  should  the  first  also)  a 
quantity  of  water,  equal  in  weight  to  one  fourth  that  of 
the  muriate  of  ammonia.  The  decomposition  is  effected 
by  heat ;  and  the  gas  is  absorbed  by  the  water  contained 
in  the  bottles,  which  should  be  surrounded  by  ice  or  snow. 
The  water  acquires  a  strong  smell,  and  has  its  specific 
gravity  diminished,  when  fully  impregnated,  to  0.96'S4. 
This  watery  solution,  when  heated  in  a  gas  bottle,  gives 
up  its  ammonia,  which  passes  over  in  an  aeriform  state, 
and  may  be  received  over  quicksilver. 

A  solution  of  ammonia,  in  water,  may  also  be  obtained, 
as  follows :  Slake  two  parts  of  quicklime,  with  two  of  water ; 
add  to  this,  when  cold,  one  part  of  muriate  of  ammonia, 
and  six  parts  of  water.  Stir  the  mixture,  and  transfer  it 
into  a  retort;  lute  on  a  receiver;  and  separate,,  hy  dlstilUi- 
tion,  one  part  of  li(|uid.  The  former  process,  however,  i-- 
incomparably  the  best. 
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When  a  mixture  of  one  part  of  powdered  mm'iate 
of  ammonia  with  two  of  powdered  carbonate  of  lime 
(chalk),  both  perfectly  free  from  moisture,  is  distilled 
together  in  a  retort,  a  solid  white  substance  condenses 
on  the  inner  surface  of  the  receiver.  This  is  the  car- 
bonate of  ammonia;  and  the  process  now  described  is 
that  by  which,  with  the  substitution  of  proper  subliming 
vessels,  the  carbonate  of  ammonia  is  prepared  for  sale. 
This  operation  furnishes  an  example  of  double  affinit;^. 
The  carbonic  acid,  being  transferred  from  the  lime  to 
the  ammonia,  forms  carbonate  of  ammonia;  and  the 
muriatic  acid,  passing  to  the  lime,  composes  muriate  of 
ji^ne, 


Art.  4. — Muriate  of  Burytes 


Is  best  prepared,  by  dissolving  either  the  artificial  or 
native  carbonate  in  muriatic  acid  much  diluted;  or,  if 
neither  of  these  can  be  had,  the  sulphuret.  The  iron  and 
lead,  which  are  occasionally  dissolved,  along  with  the 
barytes,  may  be  separated  by  the  addition  of  a  small  quan- 
tity of  liquid  ammonia,  or  by  boiling  and  stirring  the  so- 
lution in  contact  with  a  little  lime.  When  filtered  and 
evaporated,  the  solution  yields  regular  crystals,  which  have 
most  commonly  the  shape  of  tables,  bevelled  at  the  edges, 
or  of  eight-sided  pyramids,  applied  base  to  base.  They 
dissolve  in  five  parts  of  water,  at  60°,  or  m  a  still  smaller 
quantity  of  boiling  water ;  and  also  in  alcohol.  They  are 
not  altered  by  exposure  to  the  atmosphere ;  nor  are  they 
decomposed,  except  partially,  by  a  high  temperature. 
The  sulphuric  acid  separates  the  muriatic ;  and  the  salt 
^  also  decomposed  by  alkaline  carbonates  and  sylphate^. 
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According  to  Mr.  Aikin  (Nicholson's  Journal,  xxii.),  mu- 
riate of  Ijarytes,  after  ignition,  contains 

26\86  acid 
73.14  base 

100 

And  the  fully  crystallized  muriate  consists  of 

22.93  acid 
62.47  base 
14.6  water 

lUO 

Art.  5. — Muriate  of  Strontites 

May  be  obtained  by  following  the  same  process  as  that 
employed  In  preparing  the  barytio  salt.  The  solution 
affords  long  slender  hexagonal  prisms,  which  are  soluble 
in  two  parts  of  water,  at  60°  j  and  to  almost  any  amount 
in  boiling  water.  In  a  very  moist  atmosphere  they  deli- 
quiate.  They  dissolve  in  alcohol,  and  give  a  blood-red 
colour  to  its  flame. 

Art.  6. — Muriate  of  Lime, 

This  salt  may  be  prepared  by  dissolving  carbonale  of 
lime  in  muriatic  acid,  or  by  washing  off  the  soluble  part 
of  the  mass,  which  remains  after  the  distillation  of  the 
solution  of  pure  ammonia  from  muriate  of  ammonia  and 
lime. 

The  solution  crystallizes  in  six-sided  striated  prisms, 
terminated  by  very  sharp  pyramids.    If  it  be  evaporated 
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to  the  conbihtcnce  of  a  syrup,  and  exposed  in  a  temperature 
of  32°,  it  forms  a  cornpaet  mass,  composed  of  Ijundles  of 
needle-shaped  crystals,  crossing  each  other  confusedly. 

The  crystals  dissolve  in  half  their  weight  of  cold  water, 
and  to  an  unlimited  extent  in  hoiling  water,  being,  in  fact, 
soluble  in  their  water  of  crystallization. — Tlicy  deliquiate 
rapidly  in  the  air,  and  enter  into  fusion  when  heated. 
After  being  melted  by  a  strotig  heat,  the  fused  mass  still 
contains  watci- ;  for  by  ignition  with  iron  filings,  it  yields 
much  hydrogen  gas.  If  fused  in  a  crucible,  and  treated  in 
the  same  manner  as  the  nitrate  of  limef,  the  crystals  yield  a 
solar  phosphorus,  called,  from  its  discoverer,  Homherg's 
pliospliorns.  When  mingled  with  snow,  they  produce  in- 
tense cold,  as  hiis  already  been  described. 

Art.  7. — Muriate  of  Magnesia. 

This  is  also  a  deliquescent  and  difficultly  crystallized 
salt.  It  has  an  intensely  bitter  taste :  is  solid)le  in  its  own 
weight  of  water,  or  in  five  parts  of  alcohol.  Unlike  the 
j)receding  muriates,  it  is  decomposed  by  ignition  in  a  high 
temperature. 

The  muriates  of  magnesia  and  lime  arc  generally  con- 
tained in  nmriate  of  soda,  and  impart  to  that  salt  m«eh  f>f 
its  delicjuescent  property.  They  impair,  too,  its  j)Ower  of 
preserving  food.    They  are  also  ingredients  of  sea-water. 

Art..  8. — Muriate  of  Alumine 

May  be  formed  by  dissolving  fresh  precipitated  alumine 
in  nun-iatic  acid;  but  the  acid  "is  always  in  excess.  It  is 
scarcely  possible  to  obtain  this  salt  in  crystals ;  for,  by  eva- 
poration, it  assumes  the  state  of  a  thick  jelly.    It  is  e\- 
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trcmely  soluble  in  water,  and  deliquescent  when  dry.  In 
a  iiigh  temperature  it  abandons  its  acid  entirely. 

Art.  9. — Muriate  of  Glucbie. 

This  salt  is  little  known.  Like  all  the  salts  of  glucine, 
it  has  a  sweet  taste,  and  crystallizes  more  readily  than  the 
nitrate. 

Art.  10. — Muriate  of  Zircon, 

Fresh  precipitated  zircon  is  readily  dissolved  by  muriatic 
acid.  The  compound  is  colourless;  has  an  astringent 
taste ;  and  furnishes,  by  evaporation,  small  needle-shaped 
crystals,  which  lose  their  transparency  in  the  air.  It  is 
very  soluble  in  water  and  in  alcohol.  It  is  decomposed  by 
heat,  and  by  the  saliva  of  the  mouth.  The  gallic  acid, 
poured  into  the  solution,  precipitates,  if  it  be  free  from 
iron,  a  white  powder.  Carbonate  of  ammonia  gives  a  pre- 
cipitate, which  is  re-dissolved  by  an  excess  of  the  car- 
bonate. 


Art.  11. — Muriate  of  Yttria. 

This  compound  has  a  striking  resemblance  to  nitrate  of 
yttria.  Like  that  salt  it  dries  with  difficulty,  and  attracts 
moisture  from  the  air.  It  does  not  crystallize,  when  eva- 
porated, but  forms  a  jelly. 
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SECTION  III. 

O.vi/gcnized  Muriatic  Acid. 

1.  Tins  acid  may  be  formed  by  either  of  the  following' 
processes ;  which  do  not,  however,  aftbrd  a  gas  of  precisely 
the  same  composition.  That  obtained  by  the  third  method 
is  best  adapted  for  exhibiting  its  effects  on  combustible 
substances. 

Process  1.  Into  a  stoppered  retort  introduce  eight 
ounces  of  liquid  muriatic  acid,  and  four  ounces  of  finely 
powdered  manganese,  and  apply  the  heat  of  a  lamp.  A 
gas  will  be  produced,  which  may  be  received  over  water 
in  the  usual  manner.  From  the  foregoing  materials  about 
1  GO  cubical  inches  of  gas  may  be  obtained. 

Process  2.  Mix  eight  ounces  of  muriate  of  soda  (com- 
mon salt)  with  three  ounces  of  powdered  manganese  ;  put 
them  into  a  stoppered  retort,  and  pour  on  them  four 
ounces  of  sulphuric  acid,  diluted  previously  with  four 
ounces  of  water,  and  which  has  been  suffered  to  cool  after 
dilution.  Or  the  proportions  recommended  by  Thenard 
may  be  employed,  viz.  1750  muriate  of  soda,  450  oxide  of 
manganese,  water  and  sulphuric  acid  each  800.  On 
applying  a  gentle  heat  gas  will  be  produced,  as  in  Pro- 
cess 1.  As  the  gas  is  absorbed  by  contact  whh  water, 
though  not  rapidly,  it  should  be  received,  when  it  is  in- 
tended to  be  kept,  in  bottles  filled  with,  and  inverted  in^ 
water,  and  provided  with  ground  stoppers.  The  stoppers 
must  be  introduced  under  water,  while  the  bottle  re- 
mains inverted. 

Process  3.    To  an  ounce-measure  of  liquid  muriatic 
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a(Md,  contained  in  a  gas  bottle,  add  three  or  four  drachms 
of  a  sah,  vvlilch  will  presently  be  described,  the  hyper- 
oxygeni/od  muriate  of  potash.  If  the  acid  be  very  con-i 
centrated,  gas  will  be  evolved  without  the  application  of 
heat ;  and,  when  it  has  ceased  to  be  generated,  the  pro- 
duction will  be  renewed  by  a  gentle  heat,  such  as  that  ob- 
tained ])y  immersing  the  gas  bottle  in  a  vessel  of  warni 
water.  Receive  the  gas  into  bottles,  furnished  with  ex- 
tremely well-ground  stoppers ;  and,  when  they  are  full, 
put  the  stopper  intb  its  place,  and  invert  the  bottles,  with 
their  mouths  downwards,  in  mercury. 

As  the  gas,  evolved  by  all  these  processes,  is  rapidly  ab- 
sorbed by  cold  water,  the  water  of  the  receiving  trough 
should  be  of  the  temperature  of  between  80°  and  90° 
Fahrenheit ;  and  the  gas  should  remain,  as  short  a  time  as 
possible  before  use,  in  contact  with  water.  Mercury  is  not 
adapted  for  its  reception,  because  on  tliis  metal  the  gas 
exerts  a  considerable  action. 

JI.  Oxygenized  muriatic  acid  gas  has  the  following 
properties  : 

(a)  It  has  a  deep  yellow  colour. 

{b)  It  has  a  pungent  and  suffocating  smell.  In  expe- 
riments on  this  gas,  gfeat  care  should  be  taken  that  it 
dqes  not  escape,  in  any  considerable  quantity,  into  the 
apartment ;  for  its  action  on  the  lungs  is  extremely  inju- 
rious and  oppressive.  It  is  heavier  than  common  air 
(taking  the  statement  of  Gay  Lussac)  in  the  proportion  of 
2470  to  1000.  It  is  composed  of 

77-G5  muriatic  acid 
22.35  oxygen 


100 

(c)  By  a  tcmperaturo  of  40^,  it  is'  reddced  into  a  liquid 
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form,  and  is  condensed  on  the  sides  of  the  vessel.  Hence 
some  chemists  have  contended/  that  it  should  he  cl.issed 
among  vapours,  and  not  among  gases. 

When  a  receiver,  filled  with  this  gas,  is  surrounded  by 
snow,  or  pounded  ice,  the  gas  forms  on  its  surface  a  solid 
concretion,  of  a  yellowisli  coloin-,  resemhling,  in  its  rami- 
fications, the  ice  which  is  deposited  on  the  surface  of  win- 
dows during  a  frosty  night.  By  a  moderate  increase  of 
heat,  such  as  to  50°  Fahrenheit,  this  crust  melts  into  a 
yellowish  oily  liquid,  which,  on  a  farther  elevation  of  tem- 
perature, passes  to  the  state  of  a  gas. 

{iT)  The  oxygenized  muriatic  acid  exerts  powerful 
effects  on  various  combustible  bodies,  both  aeriform,  liquid, 
and  solid. 

1.  Let  a  phial,  provided  with  a  well-grourKl  stopper,  be 
filled  with  a  mixture  of  hydrogen  gas,  and  oxy-muriatic 
gas,  procured  by  Process  3,  in  the  proportion  of  three  of 
the  former  to  four  of  the  latter.  Put  the  stopper  into  its 
place,  and  keep  the  bottle,  24  hours,  inverted  with  its 
mouth  under  water.  On  withdrawing  the  stopper,  nearly 
the  whole  of  the  gas  will  have  disappeared :  and  the  re- 
mainder will  be  absorbed  by  the  contact  of  water.  In 
tliis  experiment,  the  oxygen  of  the  acid  gas  combines  with 
the  hydrogen,  and  fornjs  water ;  and  the  acid  returns  to 
the  state  of  common  muriatic  acid. 

i2.  Mingle,  in  the  detonating  tube  (fig.  28  or  I'y),  thrcd 
measures  of  hydrogen  gas  with  four  of  oxygenized  mu- 
riatic gas.  Wiien  an  electric  spark  is  passed  through  thei 
mixture,  a  detonation  will  er;.suc,  and  nearly  the  whole 
will  be  absorbed.  The  proportion  of  hydrogen  and  pure 
oxy-muriatic  gases,  required  for  mutual  saturation,  accord- 
ing to  Mr.  Cruic]<shank,  is  3'  of  the  former  to  of  the 
latter.    If  it  he  correct,  however,  as  Gay  Lu&sac  Im 
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stated,  that  the  oxygen  in  this  gas  is  equal  to  exactly  lialf 
its  volume,  it  ought  to  saturate  precisely  an  equal  bulk  of 
hydrogen  gas. 

A  singular  fact,  respecting  the  mutual  action  of  oxy- 
niurlatic  acid  and  hydrogen  gases,  has  been  observed  by 
Gay  Lussac,  and,  without  any  knowledge  of  his  experi- 
ments, by  Mr.  Dalton.  A  mixture  of  the  two  gases,  in 
the  proper  proportion,  is  slowly  absorbed  under  ordinary 
circumstances ;  but  if  the  direct  rays  of  the  sun  happen  to 
fall  on  the  mixture,  the  two  gases  dimhilsh  with  consider- 
able rapidity ;  and,  if  the  quantity  be  large,  they  even  ex- 
plode. This  is  a  singular  instance  of  the  agency  of  light 
in  promoting  chemical  combination. 

3.  Both  the  foregoing  experiments  may  be  repeated, 
with  the  substitution  of  carburetted  hydrogen  gas  from 
moistened  charcoalj  from  distilled  coal,  or  from  stagnant 
water.  A  larger  proportion  of  the  oxygenized  acid,  how- 
ever, must  be  used,  viz.  three  or  four  measures  to  one  of 
the  combustible  gas.  In  this  case,  also,  the  diminution 
is  not  complete  ;  for  there  remains  a  quantity  of  carbonic 
acid  gas,  which  may  be  absorbed  by  lime-liquor,  if  a 
proportion  of  oxy-muriatic  gas,  less  than  what  is  required 
for  saturation,  be  tired  with  any  of  these  gases,  there  is 
an  abundant  precipitation  of  charcqal.  The  direct  rays  of 
the  sun's  light  quicken,  also,  the  action  of  oxy-muriatic 
acid  on  carburetted  hydrogen  gas,  and  even  occasion  an 
explosion  of  the  mixture. 

4.  The  carbonic  oxide  is  converted,  by  contact  with  the 
oxy-muriatic  gas,  into  carbonic  acid.  Mix  two  measures 
of  the  carbonic  oxide  with  two  thirds  of  the  oxygenized 
gas ;  and  allow  them  to  stand,  for  24  hours,  in  a  bottle 
which  is  entirely  filled  by  the  mixture.  On  withdrawing 
the  stopper  at  th'j?  period  under  water,  the  water  will  rush 
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in,  and  will  fill  two  thirds  of  the  bottle.  The  remaining 
one  third  is  carbonic  acid  gas,  absorbable  by  lime-water. 
It  is  remarkable,  that  a  mixture  of  these  two  gases  cannot 
be  set  on  fire  by  the  electric  spark ;  nor  is  it  affected  by 
the  direct  incidence  of  the  sun's  rays,  like  hydrogen  and 
its  compounds. 

5.  The  defiant  gas  exhibits,  when  mixed  with  oxy-mu- 
riatic  gas,  a  very  singular  appearance.  It  is  diminished 
in  bulk,  as  rapidly  as  oxygen  gas  is  by  nitrous  gas,  and  a 
thin  film  of  oil  forms  on  the  surface  of  the  water.  The 
proportions  required,  for  complete  condensation,  are  2| 
measures  of  the  olefiant  to  3  of  the  oxygenized  gas.  llib 
phenomenon  is  not  perfectly  understood. 

6".  Oxy-murlatic  gas  exerts  no  action  on  nitrogen  gas ; 
but  nitrous  gas  is  condensed  by  it,  in  the  same  manner  as 
by  oxygen  giis. 

7.  VVlien  mixed  with  sulphuretted  hydrogen  gas,  it  oc- 
casions a  condensation,  and  a  precipitation  of  sulphur.  It 
condenses  sulphurous  acid  gas  into  sulphuric  acid. 

8.  Phosphorus  introduced  into  the  oxygenized  acid  gas, 
takes  fire  spontaneously,  and  burns  vehemently.  The  re- 
sults of  this  combustion  were  particularly  examined  by 
Mr.  Davy.  He  inti'oduced  phosphoius  into  an  exliaiisted 
receiver,  and  then  adnjitted  oxy-muriatic  acid  gas.  The 
phosphorus  took  fire  and  burnt  with  a  pale  white  flame. 
A  white  sublimate  collected  within  the  vessel,  and  a  fluid 
as  limpid  as  water  trickled  down  its  side.  No  muriatic 
acid  gas  was  liberated ;  but  tliis  acid  was  found  to  exist  ifx 
intimate  combination  with  the  phosphonc  acid,  constituting 
the  white  sublimate ;  and,  also,  united  with  phosphoro?Y.f 
acid  in  the  condensed  liquid. 

9.  Sulphur  is  not  inflamed  by  it ;  but  a  piece  of  sulphur 
fastened  to  the  end  of  a  glass  rod,  and  confined  in  the 
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gas,  is  tilouly  oxygenized,  and  drops  down  in  a  liquid 
form. 

By  passing  streams  of  this  gas  through  flowers  of  sul- 
phur, Dr.  Thomson  ohtaincd  a  new  combination  of  oxide 
of  sulphur  with  muriatic  acid,  which  he  terras  sulphu- 
retted muriatic  acid.  His  account  of  the  properties  of 
this  substance  may  be  found  in  the  6th  volume  of  Nichol- 
son's Journal.  More  recently  it  has  been  examined  by 
BeithoUet,  jun.  {Memaires  d'jircueil\  i.)  who  is  of  opi- 
nion that  it  is  a  triple  compound  of  oxygen,  sulphur,  and 
mui  iatic  acid,  perfectly  free  both  from  sulphuric  and  sul- 
phurous acids. 

JO.  Tlie  charcoal  of  beech-wood,  when  finely  powdered, 
and  perfectly  dry,  is  inflamed  by  this  gas.  So  also  is  the 
pyrophorus  of  Homberg, 

»•  In  the  Philosophical  Transactions  (for  1809,  page  4G6), 
Mr.  Davy,  liowever,  has  given  an  account  of  an  experi- 
ment, in  which  charcoal,  in  a  state  of  ignition,  on  being 
brought  into  contact  with  oxy-muriatic  acid  gas,  was  in- 
stantly extinguished.  When  charcoal  was  kept  intensely 
ignited  in  a  globe  filled  with  oxy-muriatic  acid  gas,  very 
little  elFect  was  produced.  The  hydrogen,  evolved  from 
the  charcoal,  united  with  a  part  of  tlie  oxygen  of  the  acid, 
and  formed  aqueous  vapour,  which  again  composed  com- 
mon muriatic  acid  with  the  de-oxygenated  portion  of  the 
acid.  After  this  had  been  accomplished,  no  fiirther 
change  ensued.  This  furnishes  one  proof  among  others 
that  Qxy-miniatic  acid  cannot  be  decomposed  without  the 
presence  either  of  hydrogen  or  of  water. 

11.  Altnost  every  metal,  in  a  state  of  minute  division, 
lakes  fire  spontaneously,  and  burns  in  this  gas.  The  very 
gialleablc  inetals,  suqh  as  gold,  silver;  &c.,  which  can  b« 
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reduced  to  extremely  thin  leaves,  are  best  applied  to  the 
gas  in  this  state.  Others,  as  iron,  zinc,  copper,  &c.,  must 
be  introduced  in  the  state  of  fine  filings.  The  most 
readily  oxydized  metals  burn  with  the  greatest  brilliancy. 
The  proportion  is  about  40  grains  of  each  metal  to  40 
cubic  inches  of  gas  ;  and,  into  the  bottom  of  the  receiver 
a  little  sand  may  be  poured,  to  prevent  it  from  being 
broken. 

Metallic  antimony  burns  with  a  very  brilliant  white 
flame,  and  throws  out  sparks.  Arsenic  exhibits  a  fine 
green  or  blue  flame,  attended  with  sparks,  and  a  dense 
white  smoke ;  bismuth,  a  blueish  flame ;  nickel,  a  yellowish 
white  one ;  cobalt,  a  blueish  white ;  zinc,  a  while  flame 
and  sparks ;  tin,  a  blueish  white  light ;  lead,  a  clear  white 
flame ;  copper,  a  red  and  slowly  spreading  light ;  and  iron, 
a  bright  red  light.  In  all  these  experiments,  the  tempe- 
rature of  the  gas  should  not  fall  short  of  70° ;  and,  to  en- 
sure their  success,  it  should  be  prepared  by  the  third 
process. 

(f)  The  oxygenized  muriatic  gas  destroys  all  vegetable 
colours.  This  may  be  shown  by  passing  into  it,  through 
water,  a  piece  of  cloth,  or  of  paper,  stained  with  litmus, 
the  colour  of  which  will  speedily  disappear.  Hence  the 
application  of  this  gas  to  the  purpose  of  bleaching.  Its 
efficacy,  in  this  mode,  may  be  seen  by  confining  in  it  a 
pattern  of  unbleached  calico. 

(f)  This  gas  is  absorbed  by  water ;  slowly,  if  allowed 
to  stand  over  it  quiescent,  but  rapidly  when  agitated. 

The  best  method  of  qffecting  the  impregnation  of  water 
with  this  gas,  is  by  means  of  a  Woulfe's  apparatus,  the 
bottles  of  which  should  be  surrounded  by  ice-cold  water. 
•The  precise  bulk  of  the  gas,  which  water  is  capable  of  ab- 
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sorbing,  is  not  ascertained.  According  to  the  proportions 
stated  by  Berthollet,  1 000  ch  ains  of  water,  at  the  tempera- 
ture of  -13°  Fahrenheit,  take  up  IO73  grains  of  the  gas, 
and  acquire  the  specific  giAvity  of  1003. 

(g)  The  watery  sohition,  if  perfectly  free  from  common 
muriatic  acid,  has  not  the  usual  taste  of  an  acid,  but  an 
astringent  one.  Its  purity  from  muriatic  acid  may  be 
ascertained  by  a  solution  of  nitrate  of  mercury,  which  is 
precipitated  by  the  common,  but  not  by  the  oxygenized 
acid. 

(/i)  The  watery  solution  acquires  the  colour  and  pecu- 
liar smell  of  the  gas,  and  has  a  similar  property  of  dis- 
charghig  vegetable  colours.  Hence  it  may  be  employed 
In  bleacliinsr. 

That  its  action  in  bleaching  is  attended  with  tlie  decom- 
position of  the  acid,  and  the  deprivation  of  its  oxygen,  may 
be  ascertained  by  examining  a  portion  of  the  liquid,  by 
means  of  whidi  several  patterns  of  unbleached  calico  have 
been  successively  whitened.  The  liquor  will  be  found 
almost  entirely  to  liave  lost  its  smell,  and  to  precipitate 
nitrate  of  mercury  abundantly. 

(i)  When  the  watery  solution  is  exposed  to  a  tempera- 
ture a  little  above  that  of  freezing  water,  the  gas,  which  is 
combined  with  it,  separates  in  the  form  of  a  liquid,  heavier 
than  water, 

(/r)  The  oxygenized  acid  Is  not  decompo'=-edby  thetem' 
perature  of  boiling  water ;  for  it  may  be  raised  in  distilla- 
tion, and  again  condensed  without  change. 

(/)  When  this  solution  is  exposed  to  the  direct  rays  of 
the  sun,  the  oxygenized  acid  is  decomposed ;  its  oxygen 
escapes  in  the  form  of  a  gas,  and  it  is  reduced  to  the 
state  of  common  muriatic  acid.  The  oxygen  gas  may 
be  collected,  by  exposing  the  solution  in  a  gas  bottle  fur- 
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nished  with  a  g!-ound  stopper  and  bent  tube,  which  termiT 
nates  in  the  pneuaiato-chemical  apparatus. 

(;n)  The  oxygenized  muriatic  acid  combines  with  al- 
kahs,  and  forms  peculiar  compounds. 


SECTION  IV. 

IIi/2)e)'-oxi/gen  ized  Muriates. 

Art.  1. — Hypcr-oxygenhed  Muriate  of  Potash. 

The  properties  of  this  salt  were  discovered  by  Ber- 
thollet  It  may  be  formed  by  passing  the  oxygenized  mu- 
riatic acid  gas,  as  it  proceeds  from  the  mixture  of  muriate 
of  soda,  sulphuric  acid,  and  manganese  (see  the  preceding 
section,  Process  2)  through  a  solution  of  caustic  potash. 
This  may  be  done  by  means  of  Woidfe's  apparatus,  using 
only  one  ihree-nccked  bottle  hi  addition  to  the  balloon. 
The  tube,  which  is  immersed  in  the  alkaline  solution, 
should  be  at  least  lialf  an  inch  in  diameter,  to  prevent  its 
being  choked  up  by  any  crj'stais  tiiat  may  form.  Tlic 
solution  when  saturated  wiih  the  gas,  may  be  gently  eva- 
porated, and  the  first  products  only  of  crystals  are  to  be 
reserved  for  use ;  for  the  subsetjuent  products  consist  of 
common  muriate  of  potash  only. — Now,  since  the  gas, 
when  it  first  came  into  contact  with  the  alkaline  solution, 
was  purely  oxygeni/.cd  muriatic  acid,  it  follows  that  a  part 
of  this  acid  nmst  have  been  dis-oxygonized  diiring  the 
absorption,  and  have  returned  back  to  tlie  state  of  common 
liiuriatic  acid.    Let  us  suppose  the  oxygenized  acitl,  when 
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first  presented  to  the  alkaline  solution,  to  be  divided  into 
two  portions ;  one  of  these  gives  up  its  excess  of  oxygen  to 
the  otlier  half,  returns  to  the  state  of  common  muriatic 
acid,  and,  combining  with  the  alkali,  forms  muriate  of 
potash. — The  latter  portion,  therefore,  is  oxygenized  acid, 
plus  a  certain  quantity  of  oxygen ;  and  this,  uniting  with 
another  portion  of  alkali,  forms  a  salt,  which  Mr.  Chcnevix 
has  termed  hj'per-oxygenized  muriate.  Strictly  speaking, 
simple  oxygenized  muriates  do  not  exi>!t ;  for,  in  all  this 
class  of  salts,  the  acid  contains  65  j)t'r  cent,  of  oxygen  j 
whereas,  the  oxygenized  acid  contains  only  16  per  cent. 
It  might  be  expected  that  a  stronger  acid,  such  as  the  sul- 
phuric, would  expel  from  these  salts  the  hyper-oxygenized 
acid  in  the  form  of  gas ;  but  this  acid,  by  the  temperature 
necessary  for  its  liberation,  is  partially  decomposed,  and 
again  returns  nearly  to  the  state  of  oxygenized  acid. 

The  reader,  who  wishes  for  farther  information  on  thi^ 
subject,  is  referred  to  a  masterly  paper  of  Mr.  Chenevix, 
in  the  Philosopliical  Transactions,  1801;  reprinted  in 
Nicholson's  8vo.  Journal,  vol.  i.  and  in  the  Philosophical 
Magazine;  and  also  to  Mr.  Hoyle's  Essay,  in  the  5th-, 
volume  of  the  iVIanchester  Memoirs. 

The  hyper-oxygenized  muriate  of  potiish  has  the  follow- 
ing qualities : 

(a)  ]t  has  the  form  of  shining  hexaedral  laminae,  or 
rhomboidal  plates, 

(b)  One  part  of  the  salt  requires  1 7  of  cold  water  for 
solution,  but  five  parts  of  hot  water  take  up  two  of  the 
salt. 

((•)  It  is  not  decomposed  by  exposure  to  the  direct  rays 
of  tiie  sun,  either  in  a  crystallized  or  dissolved  state. 

(d)  W  hen  the  hyper-oxygenized  muriate  is  submitted 
to  distillation  in  .a  coated  glass  retort,  it  first  fuses,  and,  on 
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a  farther  increase  of  temperature,  yields  oxygen  gas  of 
great  jiurity.  A  liundred  grains  of  the  salt  afibrd  7^ 
cubic  inches  of  gas,  containing  only  alx)ut  three  per  cent. 
of  nitrogen  gas. 

Tiie  hypcr-oxygcnized  muriate  of  potash  has  no 
power  of  discharging  vegetable  colours  ;  but  the  addition 
of  a  little  of  the  sulphuric  acid,  by  setting  the  oxygenized 
acid  at  liberty,  dcvelopos  tliis  property. 

[f)  Tlie  salt  is  decom}>osed  by  t])e  stronger  acids,  as 
the  sidphuric  and  nitric  acids.  This  will  be  proved  by 
dropping  a  few  grains  of  the  salt  into  a  little  concentrated 
sulphuric  acid.  A  strong  smell  will  arise,  and,  if  the 
quantities  be  sufficiently  large,  an  explosion  will  ensue. 
The  experiment  should,  therefore,  be  attempted  with 
GTcat  caution.  When  this  mixture  is  made  at  the  bot- 
torn  of  a  deep  vessel,  the  vessel  is  filled  with  oxygenized 
muriatic  gas,  which  inflames  sulphuric  ether,  alcohol,  or 
oil  of  turpentine,  when  poured  into  it ;  and  also  cam- 
phor, resin,  tallow,  elastic  gum,  &c.  (Daxy.) 

Muriatic  acid,  as  has  already  been  stated,  disengages 
the  oxygenized  acid,  and  the  addition  of  a  few  grains 
of  the  salt  to  an  ounce  measure  of  the  acid,  imparts  to  it 
the  property  of  discharging  vegetable  colours. 

{g)  This  salt  exerts  powerful  eftects  op  inflammable 
Vodics. 

1.  Rub  two  grains  into  powder  in  a  mortar,  and  add 
one  grain  of  sulphur.  Mix  them  very  accurately,  by 
gentle  triture,  and  then,  having  collected  the  mixture  to 
one  part  of  the  mortar,  press  the  pestle  down  upon  it 
suddenly,  and  forcibly.  A  loud  detojiation  will  ensue. — 
Or,  if  the  mixed  ingredients  be  wrapped  in  some  strong 
paper,  and  then  struck  with  a  hammer,  a  still  louder  re- 
port will  be  produced. 
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2.  Mix  five  grains  of  tlie  salt  with  half  the  quauvity  of 
powdered  charcoal  in  a  similar  manner.  On  triturating 
the  mixture  strongly,  it  will  inflame,  especially  with  the 
addition  of  a  grain  or  twci  of  sulphur,  lut  not  with  much 
noise. 

3.  Mix  a  small  quantity  of  sugar  with  half  its  weight  of 
the  salt,  and  on  the  mixture  pour  a  little  strong  sulphuric 
acid.  A  sudden  and  vehement  inflammation  will  be  pro- 
duced. This  experiment,  as  well  as  the  following,  requires 
caution. 

4.  To  one  grain  of  the  powdered  salt,  in  a  mortar,  add 
about  half  a  grain  of  phosphorus.  The  phosphorus  will 
detonate,  on  the  gentlest  triture,  with  a  very  loud  report. 
The  hand  should  be  covered  with  a  glove  in  making  this, 
experiment,  and  care  should  be  taken  that  the  phospho- 
rus, in  an  inflamed  state,  does  not  fly  into  the  eyes. — 
Phosphorus  may  also  be  inflamed  under  the  surface  of 

-  water  by  means  of  this  salt.  Put  into  a  wine  glass,  one  part 
of  phosphorus  with  two  of  the  salt;  fill  it  nearly  with 
water,  and  pour  in,  by  means  of  a  glass  tube,  reaching  to 
the  bottom,  three  or  four  parts  of  sulphuric  acid.  Tlje 
phosphorus  takes  fire,  and  burns  vividly  under  the  water. 
'J'his  experiment  requires  caution,  lest  the  inflamed  phos- 
phorus should  be  thrown  into  the  eyes.  (Davy.)  Oil  may 
also  be  thus  inflamed  on  the  surface  of  water,  the  experi- 
jnent  being  made  with  the  omission  of  the  phosphorus, 
and  the  substicution  of  a  little  olive  or  linseed  oil. 

5.  Hyper-oxygenized  muriate  may  be  substituted  for 
niti'e  in  tlie  ];rcparation  of  gunpowder,  but  the  mixture  of 
the  ingredients  requires  extreme  circumspection.  It  may 
be  proper  also  to  state,  that  this  s'alt  should  not  be  kept 
mixed  u  ith  sulphur  in  considerable  quantity,  such  mixtures 
having  been  knowi?  to  detonate  spontaneously. 
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Art.  2. — Hi/per-oxj/genized  Muriate  of  Soda. 

This  salt  may  be  obtained,  by  following  the  process  al- 
ready described,  with  the  substitution  of  pure  soda  for 
potash.  It  is  exceedingly  difficult,  however,  to  obtain  it 
pure  ^  because  it  nearly  agrees,  in  solubility,  with  the 
common  muriate  of  soda.  It  is  soluble  in  three  parts  of 
told  water,  and  in  rather  less  of  hot,  and  is  slightly  de- 
liquescent. It  is  soluble  also  in  alcohol ;  but  so  also,  ac- 
cording to  TSIr,  Chenevix,  is  the  common  muriate.  If 
crystallizes  in  culjes,  or  in  rhomboids  approaching  the 
cube  in  form.  In  the  mouth  it  produces  a  sensation  of 
cold,  and  a  taste  scarcely  to  be  discriminated  from  that  of 
muriate  of  soda.  In  other  properties  it  agrees  with  the  si- 
milar salt  with  base  of  potash. 

Art.  S. — JJi/per-o.vi/genhcd  3Iunate  of  Ammonia. 

This  salt  cannot  \<t  procured  by  the  direct  union  of  the 
oxygenized  acid  with  pure  ammonia,  because  these  two 
bodie?  mutually  decompose  each  other ;  as  will  appear 
from  the  following  experiments, 

■  1 .  Fill  a  pint  receiver  with  the  oxygenized  acid,  pre- 
pared by  the  third  process :  and  pour  into  it  half  a  drachm 
of  the  strongest  solution  of  ammonia  that  can  be  procured. 
A  detonation  will  presently  ensue. 

2.  Fill  a  four-ounce  bottle  with  the  oxygenized  acid, 
and  invert  it  in  a  cup  containing  four  ounce-measures  of 
the  solution  of  pure  ammonia.  Presently  the  liquor  will 
be  absorbed,  and  a  detonation  will  ensue,  which  will  tlu'ow 
down  the  ))ottle,  unless  firmly  held  by  the  hand,  lu  tire 
bpttle  there  remains  a  portion  of  nitrogen  gas. 
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'i.  Pass  tlic  oxvjrcmzed  acid  throutrh  a  solution  of  am- 
monlii  la  a  Woulfe's  bottle ;  from  one  neck  of  which  a 
tube  proceeds,  and  terminates  under  the  inverted  funnel 
of  the  pneumatic  trougl) .  Bub!)les  of  gas  will  l)e  formed 
and  may  be  collected  in  an  inverted  receiver.  They  con- 
sist of  pure  nitrogen  gas. 

In  all  these  experiments,  the  redundant  oxygen  of  the 
acid  unites  with  the  hydrogen  of  the  ammonia,  and  forms 
water,  while  the  nitrogen  of  the  ammonia  Is  liberated  in  a 
gaseous  state.  A  combination  of  ammonia,  with  the  hy- 
pcr-oxygeni/-ed  nuiriatic  acid  may  be  *brmed,  by  adding  a 
solution  of  carbonate  of  ammonia  to  one  of  hypcn-oxy- 
murlatc  of  lime.  A  salt  is  obtained,  on  evaporation, 
which  is  very  soluble  in  water  and  in  alcohol,  and  which 
is  decomposed  at  a  moderate  temperature,  yielding  a 
quantity  of  gas  and  a  smell  of  oxymurlatic  acid.  Its  pro- 
perties have  not  been  nmch  Investigated, 

The  property  which  ammonia  possesses,  of  decompos- 
ing oxygenized  muriatic  acid,  renders  it  extremely  useful 
in  correcting  the  offensive  vapours  of  that  gas,  which  are 
sometimes  accidentally  set  at  liberty  in  places  where  it  is 
prepared.  And  when  suffocation  threatens  to  come  on,  in 
consequence  of  the  fumes  of  the  oxygenized  acid,  the  moet 
effectual  remedy  is  to  hold  a  stopper,  moistened  with  am- 
monia, to  the  mouth  and  nostrils. 

Art.  4. — Remaming  Uyyer-oxygenhcd  Muriates, 

To  effect  the  combination  of  barytcs  and  strontitcs  with 
the  hyper  oxygenized  acid,  those  bases  must  be  dissolved 
in  hot  water,  which  must  be  kept  hot  while  the  current  of 
gas  is  transmitted  througii  the  solution.  Lime  may  also 
be  combined  with  the  oxygenized  acid,  and  must,  to  thi<'  /S. 
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end,  be  kept  suspended  by  mechanical  means.  This  com- 
pound derives  importance  from  its  application  to  the  art 
of  bleaching;  for  it  possesses,  when  perfectly  saturated, 
bleaching  properties;  and  in  this  state  produces  whiteness 
in  the  unbleached  part  of  goods,  witliout  destroying  any 
delicate  colours  which  they  may  contain.  The  salt,  with 
base  of  lime,  is  extrernely  deliquescent ;  liquefies  at  a  low 
heat,  and  is  soluble  in  alcohol.  It  produces  much  cold  by 
solution,  and  a  sharp  taste  in  the  mouth. 

For  an  account  of  the  remaining  salts  formed  with  this 
acid,  Mr.  Chenevix's  paper  may  be  consulted. 

SECTION  V. 

jSfitro-7nuriatic  Acid. 

This  acid  is  a  compound  of  the  nitric  and  muriatic  acids, 
and  may  be  formed  most  commodiously  by  mixing  two 
parts  of  nitric  acid  with  one  of  muriatic.  Though  the  acids 
employed  are  both  perfectly  pale,  yet  the  mixture  becomes 
of  a  deep  red  colour,  a  brisk  effervescence  takes  place,  and 
pungent  vapours  of  oxy-muriatic  acid  are  evolved.  The 
production  of  the  latter  acid  is  occasioned  by  the  combina- 
tion of  the  muriatic  with  part  of  the  oxygen  of  the  nitric 
acid,  in  consequence  of  which  the  latter  is  converted  either 
into  nitrous  gas  or  nitrous  acid.  Hence  the  nitro-muriatic 
jacid  does  not  contain  nitric  acid,  but  one  of  an  inferior  de- 
gree of  oxygenation.  Its  most  distinguishing  property, 
that  of  dissolving  gold,  will  be  described  hereafter. 

The  nitro-muriatic  acid  does  not  form,  with  alkaline,  or 
otlier  bases,  a  distinct  genus  of  salts,  entitled  to  the  name 
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of  nitro-mnrlates ;  for,  Wiicu  coir.biiuHl  witli  an  .ilkali,  or 
an  earth,  the  solution  yields,  on  evaporation,  a  mixture  of 
a  muriate  and  a  nitrate;  and  mutaliic  bodies,  dissolved  iu 
it,  yield  rmiriatos  only.  In  the  latter  case,  the  nilrie  acid 
is  deeoniiX)sed,  oxydi/es  the  metal,  and  n  i.di  r.s  Ir  toliiblt^ 
in  muriatic  acid. 


SECTION  VI. 

Jfii rlO'Sii Ip hnric  A rid. 

Muri  atic  acid  gas  is  absorbed  in  considerable  quaniity 
by  siUphurie  acid.  Tiie  compound  has  a  brown  colour, 
arul  when  exposed  to  the  air  cnjiii  copious  white  fumes. 
It  lias  no  particular  uses. 
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PHOSPnORtS,  PHOSPHORIC  ACID,  PHOSPHOROUS 

ACID,  PHOSPHATES. 


SECTION  I. 
Phosphorus. 

I.  PflOSPHORUSh  is  an  inflammable  substance,  and  i- 
known  by  the  following*  external  characters. 

/  (a)  It  has  generally  a  flesh-red  colour,  but,  when  care-* 
fully  purified,  may  be  obtained  as  free  from  colour,  and  as 
transparent,  as  melted  white  wax. 

(b)  It  is  so  soft  that  it  readily  yields  to  the  knife. 

(c)  It  melts  with  a  very  gentle  heat.  To  show  this, 
it  must  be  covered  with  water,  to  prevent  it  from  In- 
flaming. 

(d)  In  the  atmosphere  it  emits  a  white  smoke,  and 
peculiar  sm^l ;  and  a  faint  and  beautiful  light  arises  from 
it- 

II.  Phosphorus  Is  inflamed  t)y  the  application  of  a  very 
gentle  heat.  According  to  Dr.  Higgins,  a  temperature  of 
G0°  is  sufficient  to  set  it  on  fire,  when  perfectly  dry.  It 
burns  with  a  very  brilliant  liglit,  a  white  smoke,  and  a 
suflbcating  smell. 

1.  It  may  be  set  on  fire  by  friction.  Rub  a  very  small 
bit  between  two  pieces  of  brown  paper ;  the  phosphoms 
will  inflame,  and  will  set  the  paper  ou  fire  also. 
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2.  In  oxygen  gas  it  burns  with  -a  very  beautiful  lighr; 
and  also  In  nitrous  oxide,  and  in  oxygenized  muriatic 
«acid. 

III.  Phosphorus  is  volatile  at  550'^;  Henee  it  may  be 
raided  by  distillation  ;  but,  to  prevejit  its  taking  fne  o»  the 
application  of  heat,  the  retort  sliould  previously  be  filled 
with  azotic  or  hydrogen  gas,  and  the  mouth  of  the  retort 
be  immersed  in  water. 

To  accomplish  this,  the  quantity  of  phosphorus,  which 
it  is  intended  to  rectify,  should  fii-st  be  put  into  the  retort, 
with  a  sufficient  portion  of  water  to  cover  it.  The  water 
must  then  be  made  hot  enough  to  melt  the  phosphorus, 
wliicli,  on  cooling,  forms  a  compact  niass,  of  the  shape  of 
the  bottom  of  the  retort.  When  colJ,  fill  the  retort,  and 
its  neck  also,  with  water,  and  invert  it  in  water.  Displace 
the  water  by  hydrogen  gas,  forced  from  a  bladder  through 
a  bent  pipe;  keep  the  finger  on  the  open  end  of  the  retort 
neck;  place  it  in  a  sand-  bath ;  and  immerse  the  mouth  of 
it  in  water.  Tiien  apply  heat  very  cautiously.  A  bladder 
should  also  be  provided,  furnished  with  a  stop-cock  and 
brass  pipe,  and  filled  wldi  hydrogen  gas.  During  the  dis- 
tillation, the  gas,  in  the  retort,'  is  absorbed,  and  it  is  ne- 
cessary to  add  more  from  the  bladder,  otherwise  the  water 
w  ill  rush  into  the  retort,  and  occasion  an  explosion.  By 
distillation,  in  this  mode,  phosphorus  is  rendered  much 
purer,  la  the  neck  of  the  retort  a  substance  is  condensed 
of  a  beautiful  red  or  carmine  colour,  which  is  a  combina- 
tion of  carbon  and  phosphorus,  or  a  p/wsphuref  of  carbon. 

The. only  information,  which  we  jx)ssess,  respecting  the 
nature  of  phosphorus,  is  derived  from  the  electro-chemical 
researches  of  Mr.  Davy.  When  acted  upon  by  a  battery 
of  500  pairs  of  plates  in  tlie  same  manner  as  sulphur^  ga* 

vox..  1.  2  1 
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was  producrcl  in  considerable  quantities,  and  the  phos- 
phorus became  of  a  deep  red-brown  colour.  The  gas 
proved  to  be  phosphuretted  hydrogen,  and  was  equal  in 
bulk  to  about  four  times  the  phosphorus  employed.  Hence 
hydrogen  is  proved  to  be  one  of  its  components. 

A  grain  of  potassium  and  a  grain  of  phosphorus,  being 
fused  out  of  the  contact  of  air,  combined  with  a  most 
vivid  light  and  intense  ignition.  During  the  process,  one 
tenth  of  a  cubic  inch  of  phosphuretted  hydrogen  was 
evolved.  The  compound,  when  made  to  act  on  water, 
separated  less  hydrogen  than  the  potassium  itself  would 
have  giv-en ;  and  the  more  the  proportion  of  potassium  to 
phosphorus  was  increased,  the  less  wa&  the  hydrogen 
evolved.  This  fact  proves  that  the  potassium  must  have 
derived  oxygen  from  the  phosphonis,  which  base  ijiay  be 
considered  as  another  of  its  constituents. 
'  What  is  the  nature  of  the  substance,  with  which  the 
hydrogen  and  oxygen,  contained  in  phosphorus,  are  com- 
bined, we  are  still  however  ignorant.  The  base  of  phos- 
phorus, therefore,  remains  a  subject  for  future  investi- 
jjation. 

IV.  Phosphorus  may  be  oxygenized  in  various  modes*. 

(a)  By  mere  exposure  to  atmospheric  air.  Let  a  stick 
of  phosphorus  be  placed  in  a  funnel,  the  pipe  of  which 
terminates  in  an  empty  bottle.  The  phosphorus  will  be 
slowly  oxygenized,  and,  after  seme  time,  will  be  wholly- 
changed  into  an  acid,  which  will  fall  into  the  bottle  in  a 
liquid  state. 

A  large  quantity  of  acid  may  be  obtained,  if  a  number 


*  On  the  oxides  of  phosphorm,  see  Jsicholson's  Journal, 
Vi.  133. 
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of  sticks  be  thus  exposed  t  and  as  they  would  be  in  dani^cv 
of  taking  fire,  if  heaped  together,  each  stick  should  be 
enclosed  in  a  glass  tube,  of  iather  lai-ger  diameter  than 
itself.  These  tubes  must  be  disposed  round  a  funiiel,  the 
pipe  of  whicli  teniiltiates  in  a  bottle.  The  whole  should 
be  covered  by  a  bell-shaped  receiver,  the  air  of  which  ii 
to  be  frequently  changed.  The  acid  thus  obtained  is 
termed  the  Phosphorous  :Acid. 

(b)  By  combustion  in  oxygen  gas,  or  in  atmospheric 
fair.  When  burnt  in  this  manner,  every  hundred  parts  of 
phosphorus,  according  to  Lavoisier,  gain  an  addition  of 
154.  (See  the  account  of  this  experiment  ia  the  5th 
chapter  of  his  Elements.) 

(r)  By  the  nitric  acid.  If  phosphorus  be  cautiouJily 
added,  by  a  little  at  once,  to  nitrie  acid,  heated  in  a 
nlattias,  the  nitric  acid  is  decomposed,  and  its  oxygen, 
uniting  with  the  phosphorus,  constitutes  phosphoric  acid. 

A  tubulated  retort  must  be  used  for  this  purpose ;  and 
its  neck  may  terminate  in  the  apparatus  already  described 
for  procuring  nitric  acid.  By  this  contrivance  a  con- 
siderable quantity  of  acid  will  be  saved. 

(</)  A  similar  effect  is  produced  by  oxygenized  muriatic 
acid  in  a  liquid  state.  The  operation  of  this  acid,  in  a 
gaseous  form,  has  already  been  described,  under  the  article 
oxy-muriatic  acid ;  and  two  products,  it  has  been  stated^ 
are  obtained  by  this  operation,  vrz.  a  solid  white  sublimate 
and  a  greenish  yellow  liquid. 

The  solid  sublimate  Mr.  Davy  considers  as  a  compound 
of  muriatic  and  phosphoric  acids,  both  quite  free  from 
water}  and  hence  it  might  be  termed  murio-phosphoric 
acid.  When  brought  into  contact  with  water,  muriatic 
acid  gas  was  evolved  from  it,  and  phosphoric  and  muriatic 
acids  remained  combined  with  the  water.    It  was  a  ncn- 
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conductor  of  electricity,  and  did  not  burn  Avhcn  heated ; 
but  sublimed  at  al)out  212°,  leaving  no  residuum. 

Accordingly  as  the  phosphoric  acid  is  differently  pre- 
pared, its  degree  of  oxygenation  differs,  and  its  properties 
arc  found  to  vary  proportionably. 


SECTION  II. 

Phosphoric  Acid. 

I.  To  prepare  this  aeid,  the  process  Z>,  c,  or  d,  sect.  1. 
may  be  employed  j  hut  the  following  is  the  most  econo- 
mical method. 

On  20  pounds  of  bone,  calcined  to  whiteness  and  finely 
powdered,  pour  20  quarts  of  boiling  water,  and  add  eight 
pounds  of  sulphuric  acid,  diluted  with  an  equal  weight  of 
water.  Let  these  materials  be  well  stirred  together,  and 
be  kept  in  mixture  about  24  hours.  Let  the  whole  mass 
be  next  put  into  a  conical  bag  of  sufficiently  porous  and 
.•itrong  linen,  in  order  to  separate  the  clear  liquor,  and  let 
it  be  washed  with  water  till  the  water  ceases  to  have  muc}i 
acidity  to  the  taste.  Evaporate  the  strained  liquor  in 
earthen  vessels,  placed  in  a  sand-heat,  and,  when  reduced 
to  about  half  its  bulk,  let  it  cool.  A  white  sediment  will 
form  in  considerably  quantity,  which  must  be  allowed  to 
subside ;  the  clear  solution  must  be  decanted,  and  boiled 
to  dryness  in  a  glass  vessel.  A  white  mass  will  remain, 
wl^iich  is  the  dry  phosphoric  acid.  This  may  be  fused  in  a 
crucible,  and  pomed  out  on  a  clean  copper  dish.  A  tran- 
sparent glass  is  obtained;,  wliich  b  the  phosphoric  acid  in  fi 
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glacial  state ;  not,  however,  perfectly  pure,  but  containing 
sulphate  and  phosphate  of  lime. — According  to  Fourcroy 
ai\d  Vauquelin,  it  is,  in  fact,  a  super-phosphate  of  lime, 
containing,  in  100  parts,  only  30  of  uncombined  phos- 
phoric acid,  and  70  of  neutral  phosphate  of  lime.  The 
glacial  acid,  however,  may  be  prepared  from  perfectly  pure 
phosphoric  acid.  It  is  singular  that,  according  to  the 
experinients  of  Bevthier,  it  contains  at  least  one  fourth  its 
weight  of  water,  a  proportion  which  could  scarcely  have 
been  expected  in  so  hard  a  substance. 

To  procure  the  phosphoric  acid  perfectly  pure,  the 
oxygenation  of  phosphorus  by  nitric  acid,  is  tlie  most 
eligible  process  {c,  of  the  pi-eceding  article).  The  unde- 
coniposed  nitric  acid  must  be  separated  by  distillation  in  a 
glass  retort,  and  the  dry  mass,  when  fused,  affords  also 
glacial  phosphoric  acid. 

II.  The  phosphoric  acid  has  the  following  properties : 

[a)  When  pure  it  dissolves  readily  in  water.  That 
obtained  immediately  from  bones  is  rendered  insoluble  by 
the  admixture  of  earthy  salts.  But  the  glacial  acid,  pre- 
pared with  nitric  acid,  is  readily  soluble. 

{b)  It  is  not  volatile,  nor  capable  of  being  decomposed 
by  heat  only,  nor  does  it  emit  any  smell  when  heated. 

(c)  It  is  composed,  according  to  the  experiments  of 
Jlose,  of 

46-72  phosphorus 
5.5.28  oxygen 

100 

[d)  When  distilled  in  an  earthen  retort  with  powdered 
charcoal,  it  is  decomposed ;  4ts  oxygen,  uniting  with  the 
carbon,  forms  carbonic  acid,  and  the  phosphorus  rises  in  a 
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separate  state.  This  is  the  usual  and  best  mode  of  ob- 
taining phosphorus. 

The  phosphoric  acid  may  either  be  employed  for  this 
purpose  in  the  state  of  glass,  finely  powdered,  and  mixed 
with  its  weight  of  pulverized  charcoal ;  or  to  the  evapo- 
rated acid  of  bones,  when  acquiring  a  thick  consistence, 
powdered  charcoal  may  be  added,  in  sufficient  quantity,  to 
give  it  solidity.  In  the  latter  mode,  however,  the  mate- 
rials are  apt  to  swell,  and  to  boil  over.  The  mixture  of 
acid  and  charcoal  is  then  to  be  put  into  a  stoneware  re- 
tort, coated  with  Willis's  lute,  and  the  neck  of  which  is 
lengthened  out  by  a  tin  pipe.  The  open  end  of  the  pipe 
is  to  be  immersed  in  a  vessel  of  water.  The  heat  is  to  be 
slowly  raised,  and  at  length  made  very  intense*  An  enor- 
mous quantity  of  gas  escapes,  which  takes  fire  on  coming 
into  contact  with  the  atmosphere;  and  the  phosphorus 
distils  over  in  drops,  which  congeal  in  the  water.  As  it 
is  apt  also  to  condense  in,  and  to  stop  up,  the  neck  of  the 
retort  and  tin-pipe^  it  must  be  occasionally  melted  out  of 
these,  by  a  shovel  full  of  hot  cinders,  held  under  them. 
The  process  is  rather  a  difficult  one ;  and  though  it  is  pro- 
per that  the  student  should  repeat  it  once,  in  order  to 
complete  a  course  of  experiments,  it  will  be  found  more 
economical  to  purchase,  from  the  London  preparers, 
the  phospliorus  which  ^nay  be  required  for  experi- 
ments. 

Piiosphorus  may  also  \)e  proc\ircd,  by  adding  to  urine  r\ 
solution  of  lead  in  nitric  acid,  which  precipitates  a  phosr 
phate  of  lend.  I'lus,  \vh(-n  well  washed,  dried,  and  dis- 
tilled in  a  stoneware  retort,  yields  phosphorus  (see  Grell's 
.Touriial,  Translation,  iii.  :  or  a  solution  of  phosphate  of 
>p(ia  (which  may  be  l.)ouglit  at  the  druggists),  mi}i(id  witk 
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one  of  acetlte  of  lead,  In  the  proportion  of  one  part  of  the 
former  salt  to  1^  of  the  latter,  yields  a  precipitate  of  phos- 
phate of  lead,  from  which  phosphomsi  may  be  procured  by 
distillation. 


SECTION  III. 
Phosphates. 

With  alkaline  and  earthy  bases,  the  phosphoric  acid 
composes  a  class  of  salts  called  Phosphates,  which  hav^e  the 
following  generic  characters. 

1.  Wlien  lieated  witli  charcoal,  they  are  not  decom- 
posed, nor  is  phosphorus  obtained. 

2.  Tliey  melt,  before  the  blow-pipe.  Into  a  hard  glo- 
bule, sometimes  transparent,  at  others  opake. 

3.  They  are  soluble  in  nitric  and  muriatic  acids,  without 
effervescence,  and  are  precipitated  from  those  acids  by 
lime-water  and  pure  ammonia. 

4.  They  are  decomposed,  in  part,  by  sulphuric  acid,  and 
yield  a  liquor  which,  on  evaporation  and  distillation  with 
charcoal,  affords  phosphorus. 

I'lie  phosphate  of  soda  is  the  only  one  of  these  salts 
which  has  any  important  use.  It  has  been  introduced  into 
medicine,  by  Dr.  Pearson,  as  a  purgative,  the  purposes 
of  which  it  answers,  unaccompanied  by  any  nauseous 
taste.  Tlie  phosphate  of  lime,  besides  being  found  in  the 
earth  in  a  mineral  form,  constitutes  a  large  pait  of  the 
solid  matter  of  animal  bones. 

As  an  enumeration  of  these  salts  can  scarcely  be  inte- 
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resting  to  the  general  student,  and  as  the  properties  of  the 
various  salts,  already  described,  furnish  abundant  discrimi- 
nating characters  of  the  different  alkalis  and  earths,  I  deem 
it  sufficient  to  refer,  for  a  detailed  account  of  them,  to  Dr. 
Thomson's  Elements,  or  La  Grange's  Manual. 


SECTION  IV. 

Phosphorous  Acid — Phosph ites. 

The  phosphorous  acid  (procured  by  exposing  sticks  of 
phospliorus  to  the  slow  action  of  air  in  the  way  already  de- 
scribed, sect.  1)  exhales  a  disagreeable  foetid  odour;  and 
yields,  when  heated,  penetrating  white  vapours.  When 
heated  in  a  glass  ball,  blown  at  the  end  of  a  small  tube,  a 
gas  issues  from  the  orifice  of  the  tube,  which  inflames  on 
coming  into  contact  with  the  atmosphere.  Hence  it  ap- 
pears to  contain  an  excess  of  phosj^horus.  The  residuum 
in  the  ball  is  phosphoric  acid.  From  the  experiments  of 
Rose  on  the  phosphoric  acid,  Gay  Lussac  infers  that,  con- 
formably to  his  own  hypothetical  views,  phosphorous  acid 
must  consist  of 

56.81  phosphorus 
43.19  oxygen 

100 

Phosphorous  acid  (it  has  already  been  stated  under  thear- 
tiele  oxy-muriatic  acid)  combines  with  muriatic  acid,  and 
forms  a  liquor  of  a  pale  greenish  yellow  tint,  and  very  lim- 
pid. W  hen  exposed  to  the  air  this  liquid  rapidly  disappears. 
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emitting  dense  white  fumes,  the  smell  of  which  differs  a 
little  from  that  of  muriHtic  acid.  It  may  perhaps  not  im- 
properly be  denominated  inuno-phospliurous  acid. 

Tliis  acid  reddens  litmus  paper  in  its  common  state,  but 
lias  no  effect  on  litmus  paper  dipped  into  it,  instantly 
after  being  well  dried.  This  fact  is  extremely  curious,  in- 
asmuch as  it  suggests  that  the  property  of  reddening  litmus 
belongs  to  acids,  only  when  combined  with  water.  It  is  a 
non-conductor  of  electricity.  When  mingled  with  water, 
much  heat  is  produced,  and  muriatic  acid  gas  is  evolved. 

The  same  compound  may  be  obtained  by  distilHng  to- 
gether oxy-muriate  of  mercury  and  phosphorus,  or  calomel 
and  phosphorus,  but  in  largest  quantity  from  the  first 
mentioned  mixture. 

Tiie  combinations  of  phosphorous  acid  with  alkaline  and 
earthy  bases  are  called  phosphites. 

The  phosphites  differ  considerably  in  their  characters 
from  phospliates. 

1.  They  exhale  a  smell  of  phosphorus. 

2.  When  heated,  they  emit  a  phosphorescent  flame. 

.3.  Distilled  in  a  strong  heat,  they  yield  a  little  phospho- 
rus:, and  arc  converted  into  phosphates. 

4.  They  detonate,  when  heated  with  oxy-muriate  of 
potash. 

5.  They  are  changed  into  phosphates  1)y  nitric,  and  by 
gxygenized  muriatic  acid. 
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SECTION  V. 

Binary  Compounds  of  Phoaj/horiis. 

I.  Phosphorus  is  susceptible  of  combination  with  sul- 
phur, and  affords  a  compound,  the  properties  of  which 
vary,  according  to  the  proportion  of  its  "ingredients;  If 
may  be  obtained  by  melting  these  substance*  together  in  a 
lube,  the  mouth  of  which  is  loosely  stopped  by  paper  5  or 
by  fusing  these  two  bodies,  very  cautiously,  at  the  bottom 
«f  a  Florence  oil  flask,  nearly  filled  with  water.  The  pro- 
cess is  attended  with  some  danger;  and  requires  several 
precautions,  which  will  be  suggested  by  the  essays  of 
Accum  and  Briggs,  published  in  the  6"th  and  7th  volumes 
of  Nicholson's  Journal.  The  compound  is  much  more 
fusible  and  combustible,  than  the  separate  components. 

II.  Phosphonis  combines  with  the  pure  fixed  alkalis,  and 
with  earths,  and  composes  the  class  of  phosphurcts.  That 
of  lime  is  the  most  readily  formed,  and  exhibits,  extremely 
well,  the  properties  of  these  coaipounds.  It  is  prepared  as 
follows : 

Take  a  glass  tube,  about  12  inches  long  and  one  third  of 
an  inch  diameter,  sealed  hermetically  at  one  end.  Let 
this  tube  be  coated  with  clay,  except  within  about  half  an 
inch  of  the  sealed  end.  Put  first  into  it  a  drachm  or  two  of 
phosphorus,  cut  into  small  pieces,  and  then  fill  the  tube 
with  small  bits  of  fresh  burnt  lime,  of  the  size  of  split  peas. 
Stop  the  mouth  of  the  tube  loosely  with  a  little  paper,  ia 
order  to  prevent  the  free  access  of  air. — Next,  heat  to  red- 
ness that  part  of  the  tube  which  is  coated  with  clay,  by 
means  of  a  chafing-dish  of  red-hot  charcoal ;  and,  whea 
the  -lime  may  be  supposed  to  b.e  ignited,  apply  heat  to  the 
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part  containing  the  phosphorus,  so  as  to  sublime  it,  and  to 
bring  the  vapour  of  it  into  contact  with  the  heated  lime. 
The  lime  and  phosphorus  will  unite,  and  will  afford  a 
jL'ompound  of  a  reddish-brown  colour. 

If  the  carbonate  of  lime  be  substituted  for  ppre  lime, 
the  carbonic  acid  is  decomposed.  Its  carbon  is  set  at  li- 
berty, and  appears  in  the  state  of  charcoal ;  while  its  oxy- 
gen unites  with  the  phosphorus ;  and  the  phosphoric  acid, 
thus  produced,  forms  pliosphate  of  lime.  In  this  experi- 
ment, carbonic  acid  is  decomposed  by  the  conspiring  affi- 
nities of  phosphorus  for  oxygen,  and  of  lime  for  phosphoric 
acid,  though  the  former  affinity  only  would  be  inadequate 
to  produce  the  effect. 

The  phosphuret  of  lime  has  the  remarkable  property  of 
decomposing  water  at  the  common  temperature  of  the  at^ 
mosphere.  Drop  a  small  piece  of  it  into  a  wine-glass  of 
water,  and  in  a  short  time  Inibbles  of  phosphuretted  hy- 
drogen gas  will  be  produced ;  which,  rising  to  the  surface, 
will  take  fire,  and  explode.  If  the  phosphuret  of  lime  be 
not  perfectly  fresli,  it  may  be  proper  to  warm  the  water  to 
which  it  is  added. 

Into  an  ale-glass  put  one  part  of  phasphuret  of  lime,  in 
pieces  about  the  size  of  a  pea  (not  in  powder),  and  add  to  it 
half  a  part  of  hj'per-oxygenized  muriate  of  potash.  Fill  the 
glass  with  water,  and  put  into  it  a  funnel,  with  a  long  pipe, 
or  narrow  glass  tube,  reaching  to  the  bottom.  Through 
this  pour  three  or  four  parts  of  strong  suljjhuric  acid, 
which  will  decompose  the  hyper-oxygenized  salt ;  and  the 
phosphuret  also  decomposing  the  water  at  the  same  time, 
flashes  of  fire  dart  from  the  surface  of  the  fluid,  and 
the  bottom  of  the  vessel  is  illuminated  by  a  beautiful 
p-ccn  light.  (Davy.) 
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Auotlicr  combination  of  phosphorus,  the  properties  of 
wliieh  render  it  a  fit  subject  of  annislng  experiments,  is  tlir 
pliospliuretted  hydrogen  gas. 

Art.  3. — Phosphurettcd  Hydrogen  Gas. 

I.  Tliis  gas  may  be  procured,  by  boiling,  in  a  retort,  a 
little  phosphoi-us  with  a  solution  of  pure  potash.  The. 
water  is  decomposed;  its  oxygen,  uniting  with  the  phos- 
phorus, forms  phosphoric  acid,  wliieh  combines  with  the 
alkali,  while  the  hydrogen  dissolves  another  portion  of 
phosphorus,  constituting  pliosphuretted  hydrogen  gas. — 
This  gas  may  also  be  obtained,  by  putting  into  five  parts 
of  water  half  a  part  of  phosphorus,  cut  into  very  small 
pieces,  whh  one  of  finely  granulated  zinc,  and  adding 
three  parts  of  strong  !^l])huric  acid.  This  affords  a  pretty 
experiment.  Tiic  gas  is  diseng;iged  in  small  bubbles, 
which  cover  the  whole  surface  of  the  fluid,  and  take  fire  on 
reaching  the  air;  these  are  succeeded  by  others,  and  a  well 
of  fire  is  produced.  (Davy.) 

In  preparing  this  gas,  the  body  of  the  retort  should  be 
filled,  as  nearly  as  possible,  with  the  alkaline  solution  * ; 
otherwise  the  gas,  wlien  produced,  will  inflame  and  dimi- 
nish the  air  within  the  retort,  and  the  water  will  ascend, 
from  the  trough.  This  accident  may  be  cfi^ectually  pre- 
vented, by  previously  filling  the  retort  with  liydrogen  gas. 


*  The  phosphorus  should  first  be  melted,  under  water,  in 
the  retort ;  which  is  to  be  emptied  when  the  phosphorus  has 
congealed,  and  then  entirely  filled  by  the  alkaline  solution. 
Of  this,  a  pullicient  portion  is  to  be  displaced  by  hydrogcR 
gas,  forced  through  a  bent  pipe  from  a  bladder. 
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II.  The  properties  of  thiis  gas  are  the  following: 
{(i)  It  takes  fire  immediately  on  coming  into  contact 
with  the  air.  This  may  be  :-lw\vn  by  letting  it  escape  into 
the  air,  as  it  issues  from  tl\e  retort,  when  a  very  bcftutifiil 
appearance  will  ensue.  A  circular  <lensc  white  smoke 
rises  in  the  form  of  a  horizontal  ring,  which  enlarges  Its 
diameter  as  it  ascends,  and  forms  a  kind  of  corona. 

(b)  When  mixed  suddenly  with  oxygen  gas  it  detonates. 
This  experiment  should  be  made  cautiously,  and  in 

small  quantity. 

(c)  The  same  phenomenon  ensues  on  mixing  it  with 
oxygenized  muriatic  acid  gas,  or  with  nitrous  oxide. 

When  mingled  with  any  of  these  gases,  it  should  l)c 
passed  up  by  not  more  than  a  bubble  or  two  at  once. 

(d)  Sulphurous  acid  and  phosphuretted  hydrogen  gases, 
when  mingled  together,  mutually  decompose  each  other. 

(e)  It  deix)6its  phosphorus,  by  standing,  on  tiie  inner 
surface  of  the  receiver,  and  loses  its  property  of  spontane- 
ous accension. 

Three  grains  of  potassium  were  heated  by  Mr.  Davy  in 
sixteen  cubic  inches  of  phosphuretted  hydrogen  gas.  As 
soon  as  it  was  fused,  the  retort  was  filled  with  white  fum^s, 
and  a  reddish  substance  precipitated  upon  the  sides  and 
upper  part  of  it.  Though  the  heat  was  continued  for 
some  minutes,  yet  no  inflammation  took  place.  »Whcn  the 
retort  was  cool,  the  absorption  was  found  to  be  less  tkin  a 
cubical  inch.  The  potassium  externally  was  deep  brown, 
and  internally  of  a  dull  lead  colour.  The  potassium  after- 
wards evolved  less  hydrogen  from  water  than  it  would  have 
detached  before  3  and  hence  it  must  have  been  partially 
oxidated.  Now  the  only  source  of  oxygen,  in  tins  experi- 
ment, is  the  phosphorus,  which  the  gas  holds  in  solution ; 
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and  we  derive,  therefore,  from  the  faet,  an  additional  proof 
of  the  presence  of  oxygen  in  phosphorus, 

Phospliorus  is  also  soluble  in  oils  j  and,  when  thus  dis- 
solved, forms  what  has  been  called  liquid  phosphorus, 
which  may  be  rubbed  or>  the  face  and  hands  without  in- 
jury. It  dissolves  too  in  ether,  and  a  very  beautiful  ex- 
periment consists  in  pouring  this  phosphoric  ether  in  small 
portions,  and  in  a  dark  place,  on  the  surface  of  hot  water. 

The  phosphoric  matches  consist  of  phosphorus  extremely 
dry,  minutely  divided,  and  perhaps  a  little  oxygenized. — 
The  simplest  mode  of  making  them  is  to  put  a  little  phos- 
phorus, dried  by  blotting-paper^  into  a  small  phial ;  heat 
the  phial,  and  when  the  phosphorus  is  melted,  turn  it 
round,  so  that  the  phosphorus  may  adhere  to  the  sides* 
Cork  the  phial  closely ;  and  it  is  prepared.  On  putting  a 
common  sulphur-match  into  the  bottle,  and  stirring  it 
about,  the  phosphoins  will  adhefe  to  the  match,  and  will 
take  fire  when  brought  out  into  the  air* 

A  correspondent  in  Nicholson's  Journal  (xi.  137)  pro- 
poses to  ettect  the  oxydation  of  phosphorus,  by  exposing 
100  grains  to  half  a  pint  of  oxy-muriatic  acid  gas.  The 
vessel  must  afterwards  be  well  corked  up.  On  applying  a 
sulphur-match  to  the  oxygenized  phosphoms,  it  is  inflamed, 
as  itt  the  foregoing  example. 
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BORACIC  ACID. 

I.  THIS  acid  is  very  rarely  found  native ;  and,  for  pur 
poses  of  experiment,  is  obtained  from  the  purified  boraK 
of  commerce,  by  one  of  the  following  processes : 

1.  To  a  solution  of  borax,  in  boiling  water,  add  half  its 
weight  of  sulphuric  acid,  previously  diluted  with  an  equal 
quantity  of  water.  Evaporate  the  solution  a  little ;  and, 
on  cooling,  shining  scaly  crystals  will  appear,  which  con- 
sist of  boracic  acid.  Let  them  be  well  washed  with  dis- 
tilled water,  and  dried  on  filtering  paper. 

2.  Let  any  quantity  of  borax  be  put  into  a  retort,  with 
half  its  weight  of  sulphuric  acid,  and  half  its  weight  of 
water.  Boracic  acid  may  be  obtained  by  distillation, 
and  may  be  purified,  by  washing  in  water,  &c.,  as  before. 
By  neither  of  these  processes,  however,  is  it  obtained  per- 
fectly pure ;  for  electrical  analysis  discovers  in  it  a  minute 
portion  both  of  alkali  and  of  sulphuric  acid.  (Davy.) 

IL  Boracic  acid  has  the  following  qualities  : 

1 .  It  has  a  solid  form,  is  destiiute  of  smell,  and  nearly 
so  of  taste. 

2.  It  fuses,  when  heated,  and  loses  its  water  of  crystal- 
lization. If  the  heat  be  increased  suddenly,  before  it  has 
lost  its  water  of  crystallization,  it  sublimes;  but,  otherwise, 
it  melts  into  a  glass,  which  is  permanent  in  the  strongest 
tire. 
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3.  It  is  soluble  in  twelve  parts  of  cold  T\atcr,  and  in 
t  -ee  or  four  of  boiling  water. 

i.  This  solution  reddens  vegetable  blue  colours,  and 
ei'  rvesces  with  alkaline  carbonates. 

'..  It  is  soluble  in  alcohol,  and  the  solution  burns  with  a 
be;  i.tiful  green  flame.  ^ 

'l  le  boracic  acid,  which  had  resisted  all  other  means  of 
analysis,  has  at  length  yielded  to  the  attempts  of  Mr.  Da\  y 
to  decomijose  it  by  the  action  of  Voltaic  electricity.  When 
moistened  with  water,  and  exposed,  between  two  surfaces 
of  platina,  to  a  battery  of  500  pairs  of  plates,  an  olive- 
brown  matter  immediately  began  to  form  on  the  negati^'e 
surface,  which  gradually  increased  in  thickness,  and  at 
length  became  almost  black.  It  was  not  changed  by 
water,  but  dissolved  with  effen^escence  in  warm  nitrons 
acid.  When  heated  to  redness  on  platina,  it  burned 
slowly,  and  gave  otf  white  fumes,  wliich  had  acid  pro- 
perties. A  black  mass  remained  which,  when  examined 
by  the  magnifier,  appeared  vitreous  at  the  surface,  and 
evidently  contained  a  fixed  acid. 

Boracium. 

As  this  peculiar  combustible  substance  was  a  non-con- 
ductor of  electricity,  it  was  found  impossible  to  obtain  it  in 
this  way,  except  in  very  thin  fihns.  By  the  action  of 
potassium,  however,  it  was  procured  in  larger  quantities. 
Twelve  or  fourteen  grains  of  boracic  acid  were  heated,  in 
a  green  glass  tube,  with  the  same  quantity  of  ^wtassium. 
A  most  intense  ignition  ensued ;  and  the  potassium,  where 
it  was  in  contact  with  the  boracic  acid,  entered  into  vivid 
inflammation.  A  quantity  of  hydrogen  gas  appeared, 
c(^ual  to  about  twice  the  bulk  of  the  acid.   To  collect  the 
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results^,  tubes  of  metal  were  employed ;  for  the  most  part 
of  brass,  which  appears  to  answer  best.  Tlie  residue  in 
the  tube  was  dissolved  in  water,  and  the  insoluble  part  col- 
lected on  a  filter.    Its  properties  are  described  as  follows : 

1.  It  is  in  the  form  of  a  powder,  in  colour  of  the 
darkest  shades  of  olive.  It  is  very  friable,  and  not  suffi- 
ciently hard  to  scratch  glass.  It  is  a  non-conductor  of 
electricity. 

2.  When  it  has  been  dried  at  only  100°  or  120°,  it 
gives  off  moisture  by  increase  of  temperature.  In  the  at- 
mosphere it  takes  fire,  at  a  heat  below  that  of  boiling  olive 
oil;  and  burns  with  a  red  light,  and  scintillations  like 
charcoal. 

•  3.  It  is  not  decomposed  by  heat  in  a  platina  tube,  though 
raised  to  whiteness.  The  only  change  in  it  appears  to  be 
an  increase  of  specific  gravity. 

4.  In  oxygen  gas  it  burns  with  a  most  brilliant  light, 
and  is  partly  converted  into  boracic  adid,  and  partly  into  a 
black  substance,  which  requires  a  higher  temperature  for 
its  inflammation,  and  produces  a  fresh  quantity  of  boracic 
acidi 

5.  In  oxymurlatlc  acid  gas,  it  takes  fire  at  common 
temperatures,  and  boracic  acid  is  regenerated  with  a  por- 
tion of  tiie  black  matter  already  described. 

6.  It  was  not  soluble  either  in  nitrogen  or  hydrogen 
leases. 

7.  It  decomposed  the  nitric  and  sulphuric  acids,,  and 
boracic  acid  was  produced. 

8.  It  combined  with  alkalis,  and  gave  pale  olive  co- 
loured compounds,  from  which  dark  precipitates  were  se- 
parated by  muriatic  acid. 

9.  It  slowly  combined  with  melted  sulphur,  which  ac- 
quired an  olive  tint)  but  with  phosphprus  scarcely  any 
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uriion  seemed  to  take  place.  Neither  did  it  combine  with 
mcreurv. 

These  qualities  are  sufficient  to  show  that  the  combusti- 
ble substance,  obtained  from  boracic  acid,  and  constituting 
its  base,  is  different  from  every  other  known  species  of 
matter.  Mr.  Davy  has,  therefore,  proposed  for  it  the 
term  boracium.  As  to  its  nature,  he  is  of  opinion  that 
it  is  probably  a  comj)ound,  arvd  that  one  of  its  ingredients, 
whicli  enters  into  alloy  with  potassium  and  with  iron,  is 
the  true  basis  of  the  boracic  acid.  The  olive  coloured 
substance,  whose  properties  liave  been  already  described, 
he  believes  to  consist  of  this  basis,  united  with  a  little  oxy- 
gen ;  that  when  farther  oxydized  it  forms  the  black  matter ; 
and  that,  in  its  fidl  state  of  oxygenation,  it  constitutes 
boracic  acid. 

The  proportion  of  ingredients  in  the  boracic  acid  has 
not  been  accurately  determined.  It  is  stated,  merely  as  an 
approximation,  that  it  consists  of  one  part  by  weight  of  in- 
flammable base  united  with  two  parts  of  oxygen.  In  the 
black  substance,  Mr.  Davy  supposes  that  about  three  parts 
of  tlie  inflammable  base  arc  combined  with  only  one  of 
oxygen. 

Boracic  acid  combines  with  alkalis  and  earths ;  but  the 
only  important  combination,  which  it  forms,  is  with  soda. 
This  compound  is  found  native  in  India,  and  is  brought  to 
this  country,  imder  the  name  of  tincal,  or  brute  borax, 
which,  when  purified,  aflbrds  the  borax  of  the  shops.  In 
the  borate  of  soda,  the  alkaline  ingredient  is  in  excess,  and 
hence  the  salt  converts  vegetable  blue  coloui-s  to  green. 
It  is  therefore,  in  strictness,  a  sub-borate. 

Sub-borate  of  soda  crystallizes  in  prisms  with  six  irre- 
gular sides.    It  effloresces  in  the  air.    It  fuses  when  ic:- 
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iiited ;  loses  its  water  of  crystallization ;  and  leaves  a 
glass,  which  is  transparent  when  cold,  and  which  is  of 
great  use  in  experiments  with  the  blow-pipe.  The  salt 
dissolves  in  twelve  parts  of  cold  water,  or  in  six  of  boiling 
water.  It  is  susceptible  of  combination,  by  fusion,  with 
^ilex  and  with  aluminc;  and  hence  is  employed  in  making 
artificial  gems. 

For  a  description  of  the  remaining  borates,  I  refer  to 
the  2d  volume  of  Thomson's  Svstem  of  Chemistry,  or  the 
1st  volume  of  La  Grange's  Maniud. 
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CHAPTER  XVII. 

FLUORIC  ACID. 

I.  THE  fluoric  acid  may  be  obtained  from  a  substance 
found  abundantly  in  Derbyyiiire,  under  the  name  oi  Jiuor 
upar.  In  converting  this  spar  to  ornamental  purpose?, 
small  pieces  are  broken  off,  which  may  be  iiad  at  a  cheap 
irate. 

Tlie  fluoric  acid  may  be  separated  from  this  combina- 
tion, in  the  form  of  gas,  by  adding,  to  the  powdered  spar, 
in  a  block  tin  or  leaden  gas  bottle,  half  its  weight  of  con- 
centrated sulphuric  acid.  Tlie  gas,  which  is  disengaged, 
may  be  conducted,  by  a  bent  glass  tube,  to  the  mer- 
curial trough.  The  receivers  employed  should  be  previ- 
ously coated  with  wax,  by  making  them  hot  enough  to 
melt  that  substance,  and  then  allowing  the  wax  to  run  in 
fusion  over  their  whole  inner  surface.  This  gas,  in  its 
properties,  bears  a  considerable  resemblance  to  muriatic 
acid  gas.  It  is  somewhat  of  a  similar  smell ;  produces  a 
white  smoke  in  the  atmosphere ;  and  is  rapidly  absorbed 
by  water  and  by  ice.  It  has  the  remarkable  property  of 
corroding  glass.  This  may  be  observx^d  by  passing  up, 
into  a  jar  filled  with  it,  a  small  slip  of  glass,  which  will  be 
considerably  acted  on;  or  by  holding  a  piece  of  glass  over 
a  mixture  of  concentrated  sulphuric  acid,  and  powdered 
fluate  of  lime.  If  partially  applied,  by  covering  tlie  glass 
with  a  cement  of  wax  and  resui,  and  removing  the  cement 
in  part  only,  the  gas  may  be  employed  for  writing  or  en- 
graving on  glass ;  and  it<?  application  to  this  purpose  ha* 
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been  j>rq)Osc(l  as  an  important  improvement  In  the  art  of 
engraving,  by  Professor  Wilson  of  Ghisgow.  (Nicholson's 
Journal,  4to.  ii.  60.) 

On  t!ie  presumption  that  the  fluoric  acid  might  agree 
with  other  acids  in  containing  oxygen,  Mr.  Davy  was 
induced  to  submit  it  to  the  de-oxydizing  power  of 
potassium. 

When  potassium  was  exposed  to  fluoric  acid  gas,  which 
had  been  prepared  in  glass  vessels,  white  fumes  were 
immediately  perceived.  The  metal  lost  its  splendour, 
and  became  covered  witli  a  greyish  crust.  On  healing  the 
bottom  of  the  retort,  the  fumes  increased;  and  continued 
for  some  time  to  be  emitted,  but  at  last  ceased  altogether. 
When  water  was  admitted,  the  whole  of  the  gas  did  not 
disappear,  but  a  small  residue  was  left  which  consisted  of 
hydrogen. 

On  making  the  experiment  in  a  similar  manner,  but 
with  a  temperature  nearly  equal  to  the  sublimation  of  the 
metal,  the  potassium  inflamed  and  burned  with  a  brilliant 
red  light.  After  the  combustion,  the  whole  of  the  fluoric 
acid  was  found  to  be  destroyed,  and  no  gas  left  but  a  resi- 
duum of  hydrogen.  Ten  grains  and  a  half  of  potassium 
destroyed  14  cubic  inches  of  fluoric  acid  gas,  not  artificially 
dried  ;  and  left  about  two  and  a  quarter  of  hydrogen.  But 
from  fluoric  acid,  long  exposed  to  calcined  sulphate  of 
soda,  hardly  one  tenth  its  bulk  of  hydrogen  could  be  thus 
developed. 

The  bottom  of  the  retort,  In  these  cases,  was  covered 
with  a  crust  of  various  colours,  in  some  parts  chocolate,  in 
others  yellow.  When  a  portion  of  it  was  thrown  into 
water,  it  effervesced  violently,  and  an  inflammable  gas 
was  evolved,  in  smell  resembling  phosphurctted  hydrogen. 

A  portion  of  the  diy  mas<5,  being  heated  in  contact  with 
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air,  burned  slowly,  lost  its  colour,  and  became  a  white 
saline  mass.  In  oxygen  gas,  it  burned  with  an  absorption 
of  oxygen,  but  not  with  any  great  intensity. 

By  the  action  of  this  substance  on  water,  fluoric  acid 
and  potash  were  generated ;  and  some  chocolate  coloured 
particles  were  separated  by  the  filter,  which,  when  dried, 
and  heated  in  oxygen  gas,  burned  and  absorbed  oxygen. 
By  this  combustion,  fluoric  acid  was  also  generated. 

That  the  fluoric  acid,  then,  is  decomposed  by  the  action 
of  potassium,  and  that  its  base  exists  in  the  solid  matter 
which  results,  is  scarcely  questionable ;  but  whether  in  a 
state  of  purity,  or,  if  combined,  in  what  state,  remains  to 
be  decided  by  farther  experiments.  Of  the  regeneration 
of  the  acid,  also,  by  the  combustion  of  this  matter  in 
oxygen  gas,  it  is  hardly  possible  to  entertain  a  doubt.  As 
a  portion  of  silex  appeared,  always,  in  the  fluate  of  potash 
thus  produced,  Mr.  Davy  is  disposed  to  consider  the  sub- 
stance in  question  as  consisting  of  the  siliceous  and  fluoric 
bases  in  a  low  state  of  oxygenation  united  with  some 
potash. 

Tlie  fluoric  acid  may  be  obtained  in  a  liquid  state ^  by 
using  a  leaden  retort  and  leaden  receiver.  An  ingenious 
apparatus,  invented  for  this  purpose  by  Mr.  Knight,  is  de- 
scribed and  figured  in  the  17th  volume  of  the  Philosophical 
Magazir^e. 

Ihe  liquid  acid  must  be  preserved  in  leaden  bottles, 
as  it  soon  corrodes  and  penetrates  glass  ones.  In  this 
state  of  vvateiy  solution,  it  readily  combines  with  alkalis, 
and  forms  soluble  compounds.  Its  combinations  with  the 
earths  are  for  the  most  part  highly  insoluble.  The  fiu- 
ates  have  no  properties  that  can  render  tliem  interesting 
to  the  student,  except  the  use  of  the  alkaline  ones  as 
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tests,  which  will  be  descii'hed  in  a  subsequent  part  of  tlie 
work. 

To  the  liquid  solution  of  fluoric  acid,  Gay  Lussac  and 
'J'henard  have  given  the  name  of  silici-fluoric  acid.  It 
emits,  they  observe,  dense  vapours ;  becomes  hot  and  even 
lx)ils  when  suddenly  mixed  with  water  j  acts  strongly  on 
glass;  and  has  a  most  powerful  efft'ct  on  the  skin,  oh 
which  it  speedily  raises  small  pustules. 

A  piece  of  potassium  thrown  into  it  detonates  violently. 
The  products  are  hydrogen,  water  and  fluute  of  potash ; 
consequently  it  is  a  compound  of  water,  and  fluoric  acid. 
Potash,  poured  into  tlu^  liquid  acid,  gives  a  salt  which  is 
almost  insoluble ;  niuriate  of  barytes  atfords  fluate  of  silcx 
and  fluate  of  barytes,  both  of  which  are  insoluble. 

Fliiohorlc  Acid. 

With  the  view  of  obtaining  fluoric  acid  gas  perfectly 
free  from  water,  both  Mr.  Davy  and  Gay  Lussac  appear  to 
have  had  recourse  to  the  same  expedient,  viz.  that  of  dis- 
tilling perfectly  dry  boracic  acid  with  fluate  of  lime. 
When  tliese  substances  were  exposed  to  a  strong  heat  in 
an  iron  tube,  in  the  proportion  of  one  part  of  the  foi-mer  to 
two  of  powdered  fluor  spar,  a  gas  was  collected  in  great 
quantity,  which  exhibited  singular  properties,  and  to  which 
Messrs.  Gay  Lussac  and  Thenard  have  given  the  name  of 
gas  Jliioborique,  or  fluoboric  acid  gas. 

This  gas,  according  to  the  latter  chemists,  appears  to 
contain  no  water,  and  to  hav€  so  strong  an  affinity  for  it 
as  to  take  it  from  other  gases  which  hold  water  in  comlii- 
jiation.  Hence,  wiien  mixed  with  most  of  those  gases, 
on  which  it  does  not  exert  a  chemical  action,  such  as  at- 
mospheric air,  it  loses  its  transparency  and  becomes  cloudy. 

With  ammoniacal  gas  it  unites  in  two  proportions,  if 
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the  alkaline  gas  l)e  put  first  into  the  tube,  equal  measures 
combine  together,  and  the  compound  is  neutral.  But  if 
we  admit  fluoboric  gas  by  bubbles  to  the  alkaline  gas,  we 
obtain  a  compound,  with  an  excess  of  base,  and  consisting 
of  one  measure  of  fluoboric  gas  to  two  of  ammonia. 

Fluoboric  gas  is  absorbed  copiously  by  water.  The  sa- 
turated solution  has  the  causticity  and  aspect  of  strong 
sulphuric  acid  ;  requires  for  ebullition  a  temperature  con- 
siderably exceeding  212*^  Fahrenheit;  and  is  condensed 
again  in  striae  which  contain  much  gas.  From  analogy, 
Gay  Lussac  supposes  that  nitric  and  even  sulphuric  acids 
are,  in  their  pure  states,  equally  elastic  with  this. 

The  liquid  acts  almost  as  intensely  as  sulphuric  acid 
on  vegetable  substances.  It  blackens  paper,  and  affords  a 
true  ether  with  alcohol.  It  has  no  effect  in  corroding 
glass. 

From  analysis.  Gay  Lussac  and  Thenard,  as  well  ag 
Mr.  Davy,  have  determined  it  to  be  a  compound  of  boracic 
and  fluoric  acids,  in  proportions  not  yet  ascertained. 
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DESCRIPTION  OF  THE  PLATES. 

PLATE  I. 

Fig.  !•  (a)  A  plain  retort,  the  neck  of  which  is  shown 
introduced  a  proper  length  into  the  mouth  of  a  plain  re- 
ceiver b.  The  dotted  lines  at  c  show  the  receiver  with  the 
addition  of  a  tubulure,  into  which  either  a  stopper,  or  bent 
glass  tube,  may  be  occasionally  fixed. 

Fig.  2.  A  glass  alanbic;  a  the  body,  and  b  the  head, 
which  are  ground  so  as  to  fit  accurately,  and  may  be  sepa- 
rated when  necessary.  The  head  b  is  so  shaped,  that  any 
liquid,  which  may  be  condensed,  colleots  into  a  channel,  and 
is  carried  by  the  pipe  c  into  the  receiver. 

Fig.  3.  A  separator,  for  separating  liquids  of  difierent 
specific  gravities.  It  is  furnished  with  a  ground  stopper  at  a, 
and  a  glass  stop-cock  at  b.  The  vessel  is  filled  with  the 
liquids  that  are  to  be  separated  (oil  and  water  for  example), 
which  are  allowed  to  stand  till  the  lighter  has  completely 
risen  fo  the  top.  The  stopper  a  is  then  removed,  and  the 
cock  b  opened,  through  which  the  heavier  liquid  descends ; 
the  cock  being  shut,  as  soon  as  the  lighter  one  is  about  to 
flow  out.  ( 

Fig.  4.  A  glass  vessel,  termed  a  mattrass,  useful  for 
effecting  the  solution  of  bodies,  which  require  heat  before 
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they  can  ,be  dissolved,  or  long  continued  digestion,  see 
vol.  i.  p.  1-7.  The  upper  extremity  of  the  long  neck 
generally  remains  cool,  and  allows  the  vessel  and  its  con- 
tents to  be  shaken  occasionally. 

Fig.  5.  A  glass  bottle  with  a  very  thin  bottom,  and  a 
projecting  ring  round  the  neck  for  suspending  it  over  a 
lamp.  These  are  useful  for  eflecting  soliitions  on  a  small 
scale. 

Fig.  6.  An  apparatus,  contrived  by  Mr.  Pepys,  for 
asccrtainitig  the  quantity  c\f  carhonic  acid  disc/iargedfrom  any 
substance  by  the  addition  of  an  acid.  It  consists  of  a  bottle 
closed  by  a  ground  stopper.  This  stopper  is  perforated, 
and  forms  the  lower  part  of  a  tube,  which  is  twisted  into  the 
shape  of  a  stiil-worm.  In  this  worm,  any  water  that  escapes 
along  with  the  gas,  is  condensed,  and  falls  down  again  into 
the  bottle.  The  experiment  is  made  precisely  as  described, 
vol.  i.  p.  334  :  and  the  loss  of  weight  is  determined  at  the 
close  of  the  effervescence. 

Fig.  7.  Mr.  Leslie's  differential  thermometer  described, 
vol.  i.  p.  1 14'. 

Fig.  8.  («)  An  air  thermometer,  for  ascertaining  the  tempera- 
ture of  liquids.  It  consists  of  a  bottle,  partly  tilled  with  any 
coloured  liquid,  and  partly  with  air,  a  glass  tube  of  small 
bore,  open  at  both  ends,  being  either  cemented  or-  hermeti- 
cally sealed  into  the  bottle,  so  that  its  lower  extremity  may 
nearly  touch  the  bottom  of  the  bottle.  The  expansion  of  the 
included  air,  on  the  application  of  heat,  drives  the  coloured 
liquid  up  the  tube,  and  to  an  extent  which  may  be  measured 
by  the  application  of  a  scale.  The  fig.  b  is  another  variety 
of  the  same  instrument,  described  vol.  i.  p.  113. 

Fig,  9.  The  original  air  thermometer  of  Sanctorio ; 
see  vol.  i.  p.  1 J2, 

Fig.  10.  A  bent  funnel  for  introducing  liquids  into  retorts, 
without  soiling  their  necks. 

Fig.  1 1.    An  adopter.    The  wider  end  admits  the  neck  of 
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a  retort ;  and  the  narrower,  is  passed  into  the  mouth  of  a 
receiver. 

Fig.  12.  A  section  of  an  evaporating  dish  of  Wedgwood's 
ware. 

Fig.  13.  (a)  A  tubulated  retort  luted  to  [b)  a  quilled  receiver, 
the  pipe  of  which  enters  the  neck  of  a  bottle  (c)  supported  by 
a  block  of  wood. 

Fig.  14.  DilFerent  forms  of  jars  for  precipitations,  with  lips 
for  conveniently  decanting  the  fluid  from  the  precipitate. 

Fig.  15.  A  tube,  blown  in  the  middle  into  a  ball,  for 
dropping  liquids.  The  ball  is  filled  by  the  action  of  the 
mouth  applied  to  the  upper  orifice,  while  the  lower  one  is  im- 
mersed in  the  liquid.  To  the  former  the  finger  is  then 
applied;  and,  on  cautiously  removing  it,  the  liquid  is  ex- 
pelled in  drops. 

Fig.  16.  ^  bottle  for  ascertaininir  the  specific  gravity  of  li~ 
quids.  When  filled  up  to  a  mark  in  the  neck,  with  distilled 
water  of  a  given  temperature,  it  should  hold  1000,  2000,  or 
any  even  number  of  grains.  The  quantity,  which  it  is 
found  to  contain,  of  any  other  liquid  of  the  same  temperature, 
shows  the  specific  gravity  of  the  latter.  For  example,  if  it 
hold  1000  grains  of  water,  and  1850  of  sulphuric  acid,  the 
specific  gravity  of  the  latter  is  to  that  of  water  as  1850  to 
1000. 

PLATE  II. 

Fig.  17.  An  apparatus  for  procuring  gases,  without  the 
possibility  of  their  escaping  into  the  room  during  the  pro- 
cess, a  circumstance  which  is  of  considerable  importance, 
when  the  gas  has  an  unpleasant  smell  or  deleterious  properties. 
Suppose  that  sulphuretted  hydrogen  gas  is  to  be  obtained 
from  sulphuret  of  iron  and  diluted  sulphuric  acid.  The  sul- 
phuret  of  iron,  in  coarse  powder,  is  put  into  the  body  of  the 
gas  bottle  c,  with  a  proper  quantity  of  water.    The  acid 
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holder  a  is  filled  with  the  diluted  acid,  the  cock  b  beinjj 
shut,  and  is  then  fixed  into  the  tubulure  of  the  gas  bottle, 
to  which  it  Is  accurately  adapted  by  grinding.  The  bent 
tube  d  being  made  to  terminate  under  a  receiver  filled  with, 
and  inverted  in  water,  the  perforated  cock  b  is  gradually 
opened,  in  consequence  of  which  the  acid  descends  into  the 
gas  bottle ;  and  acts  on  the  sulphuret  of  iron.  If  it  be 
found  necessary  to  renew  the  acid,  without  disturbing  the 
apparatus,  this  may  be  done  as  follows.  The  cock  /;  being 
shut,  the  stopper,  which  closes  the  acid  holder,  may  be  re- 
moved, and  fresh  acid  be  poured  in,  through  the  aperture. 
This  may  be  repeated  as  often  as  is  found  necessary.  The 
acid  holder  may  be  advantageously  adapted,  also,  to  a  retort 
for  certain  distillations,  such  as  that  of  muriatic  acid. 

Fig.  18.  A  plain  gas  bottle  with  sigmoid  tube,  the  end, 
which  is  received  into  the  bottle,  having  a  ground  stopper 
accurately  fitted  lo  the  neck.  For  ordinary  purposes  (such 
as  obtaining  hydrogen  gas  from  diluted  sulphuric  acid  and 
iron  filings)  this  apparatus  answers  perfectly  well,  and  is 
much  less  costly.  It  is  frequently  made  with  a  tubulure  and 
glass  stopper,  and  is  then  called  ^  tubulated  gas  bottle. 

Fip.  1#.  A  gas  funnel,  useful  in  transferring  any  gas,  from 
a  wide-mouthed  vessel  into  a  jar  of  narrower  diameter,  or  into 
a  bottle.  When  employed  for  this  purpose,  it  is  held  in- 
verted, as  shown  by  the  figure,  the  pipe  being  admitted  into 
the  aperture  of  the  bottle  or  jar,  which  is  filled  with  and  in- 
verted in  water,  and  the  gas  being  made  to  pass  into  it  in 
bubbles. 

Fig.  20.  Dr.  Hope's  Eudiometer.  The  manner  of  using 
it  has  already  been  described,  vol.  i.  p.  191. 

Fig.  21.  A  modification  of  Dr.  Hope's  Eudiometer  dcr 
scribed,  vol.  i.  p.  192. 

Fig. '22.  A  gas  receiver,  into  the  neck  of  which  is  cemented 
a  brass  cap,  with  a  female  screw  for  receiving  a  stop-cock. 
The  vessel  b  w  z  glass  flask,  which  may  be  made  to  com- 
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rnsnicate  with  the  interior  of  the  jar  a,  by  opening  the  cock. 
When  the  apparatus  is  used,  it  is  necessary  to  employ  t\v« 
«top-cocks,  and  not  one  only,  as  represented  by  the  figure. 
Supposing  that  the  weight  of  any  gas  is  to  be  ascertained, 
the  flask  b  is  e.xhausted,  by  screwing  it  on  the  transfer  of  an 
air  pump ;  and,  if  great  accuracy  be  required,  it  is  proper 
to  enclose  a  gage  in  the  vessel.  Let  the  flask  be  weighed 
when  exhausted  ;  then  screw  it  upon  the  top  of  the  receiver, 
containing  the  gas  which  is  to  be  weighed;  and  open  the 
•ommunication,  observing,  by  using  a  graduated  jar,  how 
much  gas  has  beetj  admitted.  Suppose  this  to  be  50  cubic 
inches.  By  weighing  the  flask  again  when  full,  we  deter- 
mine the  weight  of  50  cubic  inches  of  the  gas  under  ex- 
amination. The  experiment  should  be  made  when  the  tem- 
perature of  the  room  is  60"",  and  when  the  barometer  stand* 
at  29.8. 

Fig.  23.  A  plain  jar  for  receiving  gases,  with  a  ground 
stopper. 

Fig.  24.  An  Eudiometer  for  trying  the  purity  of  a  mixtwre 
of  gases  containing  oxygen  gas,  by  means  of  nitrous  gas. 
'J'he  process  has  already  been  described,  vol.  i.  p.  415.  The 
instrument  should  be  accompanied  with  a  phial,  iiolding, 
when  completely  full,  precisely  a  cubic  inch. 

Fig.  25.  A  wire  stand,  with  a  leaden  foot,  for  the  pur- 
pose of  raising,  above  the  surface  of  water  within  a  jar, 
any  substance  which  is  to  be  exposed  to  the  action  of 
gas. 

Fig.  26.  An  apparatus  for  showing  that  caloric  exists  in 
^asts  in  a  latent  form.  The  application  of  it  has  been  already 
de<?cribed,  vol.  i.  p.  173. 

Fig.  27.  An  apparatus  for  drying  precipitates  by  steam, 
described,  vol.  i.  p.  47. 

Figs.  28  and  29.  Tubes  for  exploding  mixtures  of  hydro- 
gen and  other  inflammable  gases  with  oxygen  gas,  conjmonjy 
termed  the  Eudiometer  of  Volta;  see  vol.  i.  p.  197- 
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PLATE  III. 

Fig.  30.  The  common  form  of  a  Woulfe's  apparatus.  Iii 
this  figure  the  retort  a  is  represented  plain,  but  it  is  better  to 
employ  a  tubulated  one.  The  use  of  this  apparatus  has  al- 
ready been  described,  vol.  i.  p.  42. 

Fig.  31.  A  modification  of  the  apparatus,  which  has  also 
been  already  described.  In  this  figure,  the  mercurial  trough 
is  shown  with  a  jar  standing  inverted  in  it,  for  the  purpose 
of  receiving  any  gas  that  may  escape  condensation  by 
water. 

Fig.  32.  Mr.  Pepys'  improvement  of  Woulfe's  apparatus 
described,  vol.  i.  p.  32. 

PLATE  IV. 

Figs.  33  and  34.  Cuthbertson's  apparatus,  for  exhibiting 
the  composition  of  water,  with  the  substitution  of  gazometers 
for  the  receivers  originally  employed  by  him.  The  apparatus 
has  been  described,  vol.  i.  p.  203.  Fig.  33  is  an  enlarged 
view  of  the  conical  brass  ])iece,  which  is  cemented  into  the, 
bottom  of  the  receiver,  and  through  which  the  gases  are 
conveyed. 

Fig.  35.  Agazometer  of  the  most  simple  and  common  con- 
struction ;  see  vol.  i.  p.  164. 

Fig.  36.  A  gas  holder,  described,  vol.  i.  p.  166. 

Fig.  37.  A  galvanic  trough  ;  see  vol.  i.  p.  226.  The  tube 
h  shows  the  arrangement  for  decomposing  water.  The  upper 
wire  may  be  hermetically  sealed  into  the  tube,  and  the  lower 
one  passed  through  a  cork,  which  should  have  a  small  slit 
cut  in  it,  to  allow  the  water  to  escape  in  drops  as  the  gas  is 
produced. 

Fig.  38.  The  manner  in  which  a  candle  may  be  burned  in 
oxygen  gas;  see  vol.  i.  p.  178. 
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Fig.  39.  The  combustion  of  iron-wire  in  oxygen  gas. 

Fig,  40.  Apparatus  for  decomposing  water  over  red-hot 
iron  or  charcoal;  see  vol.  i.  p.  210. 

Fig.  41.  An  apparatus  for  showing  the  diminution  effeott-.l 
in  the  volume  of  hydrogen  and  oxygen  gases  by  tiieir  slow 
combustion;  see  vol.  i.  p.  199. 

Fig.  42.  A  ver\^  simple  and  cheap  contrivance  for  freezing- 
quicksilver  by  muriate  of  lime  and  snow.  The  outer  vessel 
of  wood  may  be  twelve  and  a  half  inches  square,  and  seven 
inches  deep.  It  should  have  a  wooden  cover,  rabbeted  in, 
and  furnished  with  a  handle.  Within  this  is  placed  a  tin 
vessel  b  b,  standing  on  feet  which  are  one  and  a  half  inch 
high,  and  having  a  projection  at  the  top,  half  an  inch  broad, 
and  an  inch  deep,  on  which  rests  a  shallow  tin-pan  cc.  Within 
(he  second  vessel  is  a  third  d,  made  of  untinned  iron,  and 
supported  by  feet  two  inches  high.  'J'his  vessel  is  four  inches 
square,  and  is  intended  to  contain  the  mercury.  When  the 
apparatus  is  used,  a  mixture  of  muriate  of  lime  and  snow 
put  into  the  outer  vessel  a  a,  so  as  completely  to  surround  tlie 
middle  vessel  h  b.  Into  the  latter,  the  vessel  d,  containing  the 
quicksilver  to  be  frozen,  previously  cooled  down  by  a  freezing 
mixture,  is  put ;  and  this  is  immediately  surrounded  by  a 
mixture  of  snow  and  muriate  of  lime,  previously  cooled  to  0* 
Fahrenheit,  by  an  artificial  mixture  of  snow  and  common 
salt.  The  pan  cc  is  also  filled  with  these  materials,  and  the 
wooden  cover  is  then  put  into  its  place.  The  vessels  are  now 
left,  till  the  quicksilvL-r  is  frozen.  A  more  elegant,  but  more 
expensive,  apparatus,  by  Mr.  Pepys,  intended  for  the  sam»f 
purpose,  is  figured  in  an  early  volume  of  the  Philosophical 
Ma<?azine. 

Fig.  43.  A  wire  stand,  consisting  of  an  interior  circle,  and 
three  straight  pieces  of  wire  proceeding  from  it  in  the  same 
plane.    Its  use  is  noticed,  vol,  i.  p.  181. 

Fig.  44.  Mr.  Davy's  apparatus  for  the  analysis  of  soil-? 
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described  in  his  paper,  which  is  copied  into  the  third  part  of 
this  work. 

I'LATE  V. 

Fig.  45.  Pictet's  arrangement  of  an  apparatus  for  showing 
the  radiation  of  caloric,  unaccompanied  by  light  j  see 
vol.  i.  p.  123. 

Fig.  46.  An  oval  copper  boiler,  for  exhibiting  the  most, 
important  facts  respecting  latent  caloric.  The  size  of  its 
different  parts  (except  the  width,  which  is  4  inches)  may  be 
learned  from  the  scale  affixed  to  the  plate,  which  is  abun- 
dantly sufficient  to  enable  any  intelligent  workman  to  con- 
struct the  apparatus.  The  collar  joint  and  stuffing  box^ 
however,  it  is  indispensably  necessary  to  describe,  especially 
as  the  former  article  of  apparatus  is  generally  consLrucied  on 
a  bad  plan. 

Fig.  47  is  a  section  upon  a  larger  scale,  of  the  collar  joint 
at  b  (tig  46),  made  for  the  convenience  of  screwing  together 
long  or  crooked  metal  tubes,  without  turning  them  round, 
a  is  a  section  of  the  end  of  one  of  the  tubes,  and  b  that  of  the 
other  which  is  to  be  attached  to  it ;  c  is  a  collar  which 
turns  loose  upon  the  shoulder  of  a,  and  screws  upon  6« 
By  screwing  this  collar  upon  b,  the  end  ee  of  the  tube  at 
is  brought  to  press  upon  the  part  dd  of  the  tube  b,  without 
turning  round  either  of  those  tubes.  If  upon  d  be  laid  a 
ring  of  linen  cloth  soaked  in  boiled  linseed-oil,  the  joint,  when 
screwed  up  (if  tolerably  well  n:iade),  will  be  impervious  to 
steam  as  well  as  to  water  or  air.  The  projection  at  d  is  for 
preserving  the  ring  of  cloth  from  being  displaced,  and  for 
guiding  the  ends  of  both  tubes,  so  as  to  meet  properly. 

Fig.  48  is  a  section  of  a  socket,  for  fixing  the  stem  of  a 
thermometer  into  a  boiler  or  a  digester,  where  there  is  much 
beat  and  pressure ;  6  is  a  socket  fixed  on  the  outside  of. 
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the  boiler  or  digester,  having  a  hole  through  it  large  enough  to 
admit  the  bulb  of  the  thermometer;  «  is  a  plug  which  screws 
into  b,  having  a  hole  through  its  centre  large  enough  to  admit 
only  the  stem  of  the  thermometer;  c  c  is  a  loose  round  plate, 
concave  on  the  upper  side,  having  a  hole  through  its  centre, 
just  sufficient  also  to  admit  the  stem  of  the  thermometer. 
When  the  instrument  is  to  be  insertedj  the  plug  a,  and  the 
plate  c,  must  both  be  taken  out  of  the  socket.  The  bulb 
is  then  passed  through  it.  The  plate  c  is  next  slipped  over  the 
stem,  and  dropped  into  its  place.  Some  flax,  soaked  in  lin- 
seed-oil, must  next  be  wrapped  round  the  stem,  so  as  nearly 
to  fill  the  socket.  The  plug  a  must  then  be  screwed  in, 
till  the  flax  be  compressed  so  as  to  make  the  whole  sufficiently 
tight.  The  opposite  surfaces  of  the  plate  c,  and  the  plug  a, 
are  made  concave,  for  the  purpose  of  compressing  the  flax 
round  the  stem  of  the  thermometer. 

PLATE  VI. 

Figs.  49,  50,  51.    Sections  of  crucibles. 

Fig.  52.    A  muffle  ;  see  vol.  i.  p.  39. 

Fig.  53.  Stands  for  raising  the  crucible  above  the  bars  of 
the  grate ;  a  one  adapted  to  Mr.  Aikin's  blast  furnace ;  b 
one  of  the  common  form. 

Fig.  5't.    A  skittle-shaped  crucible. 

Fig.  55.  Mr.  Aikin's  portable  blastfurnace.  Itiscomposed 
of  three  parts,  all  made  out  of  the  common  thin  black-lead 
melting  pots,  sold  in  London  for  the  use  of  the  goldsmiths.  The 
lower  piece  c  is  the  bottom  of  one  of  these  pots,  cut  off  so  low 
as  only  to  leave  a  cavity  of  about  an  inch,  and  ground  smooth 
above  and  below.  The  outside  diameter  over  the  top  is  five 
and  a  half  inches.  The  middle  piece,  or  fire-place  a,  is  a 
larger  portion  of  a  similar  pot,  with  a  cavity  about  six  inches 
deep,  and  measuring  seven  and  a  half  inches  over  the  top, 
outside  diameter,  and  perforated  with  six  blast  holes  at  the 
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bottom.  These  two  pots  are  all  that  are  essentially  necessary 
to  the  furnace  for  most  operations;  but  when  it  is  wished  to 
heap  up  fuel  above  the  top  of  a  crucible  contained  within, 
and  especially  to  protect  the  eyes  from  the  intolerable 
glare  of  the  fire  when  in  full  heat,  an  upper  pot  b  is  added,  of 
the  same  dimensions  as  the  middle  one,  and  with  a  large 
opening  in  the  side,  cut  to  allow  the  exit  of  the  smoke  and 
flame.  It  has  also  an  iron  stem,  with  a  wooden  handle  (an 
old  chisel  answers  the  purpose  very  well)  for  removing  it  oc- 
casionally. 

The  bellows,  which  are  double  [d),  are  firmly  fixed,  by  a 
little  contrivance  which  will  take  of}" and  on,  to  a  heavy  stool, 
as  represented  in  the  plate ;  and  their  handle  should  be 
lengthened,  so  as  to  make  them  work  easier  to  the  hand.  To 
increase  their  force  on  particular  occasions,  a  plate  of  lead 
may  be  firmly  tied  on  the  wood  of  the  upper  flap.  The 
nozzle  is  received  into  a  hole  in  the  pot  c,  which  conducts 
the  blast  into  its  cavity.  From  hence  the  air  passes  into 
the  fire-place  a,  through  six  holes  of  the  size  of  a  large  gim- 
let, drilled  at  equal  distances  through  the  bottom  of  the 
pot ;  and  all  converging  in  an  inward  direction,  so  that  if 
prolonged,  they  would  meet  about  the  centre  of  the  upper 
part  of  the  fire.  Fig.  56  shows  the  distribution  of  these  holes 
in  the  bottom.  The  large  central  hole  is  intended  to  receive 
the  stand  a,  fig.  53,  which  serves  for  supporting  the  crucible. 

No  luting  is  necessary  in  using  this  furnace,  so  that  it  may 
be  set  up  and  taken  down  immediately.  Coak,  or  common 
cinders,  taken  from  the  fire  when  the  coal  just  ceases  to  blaze, 
.<;ifted  from  the  dust,  and  broken  into  very  small  pieces,  forms 
the  best  fuel  for  higher  heats.  The  fire  may  be  kindled  at  first 
by  a  few  lighted  cinders,  and  a  small  quantity  of  wood-char- 
coal. 

The  heat  which  this  little  furnace  will  aftord  is  so  intense, 
that  its  power  was,  at  first,  discovered  accidentally  by  the  fu- 
sion of  a  thick  piece  of  cast  iron.    The  utmost  heat  procured 
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by  it  was  167"  of  Wediiwood's  pyrometer  piece,  which  was 
withrhavvn  from  a  Hebi-ian  crucible,  when  actually  sinking 
down  in  a  state  of  porcellanous  fusion.  A  steady  heat  of 
155*  or  160°  riiay  be  depended  on  if  the  fire  be  properly 
managed,  and  the  bellows  worked  with  vigour.  (See  Philoso- 
phical Magazine,  vol.  xvii.  p.  166.) 

By  a  leiter  from  Mr.  Aikin,  1  have  learned,  also,  a  conve- 
nient way  of  exhibiting,  in  a  lecture,  and  performing  at 
other  times,  the  process  of  cupellation,  by  means  of  this  fur- 
nace. It  consists  in  causing  a  portion  of  the  blast  to  be  di- 
verted from  the  fuel,  and  to  pass  through  a  crucible  in  which 
the  cupel  is  placed.  This  arrangement  supplies  air;  and  the 
whole  may  be  seen  by  a  sloping  tube,  run  through  the  cover 
of  the  crucible.  Fig.  .57  shows  the  furnace  when  used  for 
this  purpose;  a  a  the  furnace;  b  the  perforated  stopper  for 
the  central  blast ;  c  c  a  portion  of  earthen  tube,  through 
which  the  air  passes,  and  is  heated  during  this  transit;  e 
a  piece  of  soft  brick,  perforated  to  admit  the  earthen  tube  f, 
which  may  be  kept  open  for  inspecting  the  process.  No 
luting  is  required,  except  to  join /to  e. 

Fig.  58.  Knight's  portable  furnace,  composed  of  strong  iron 
plate  lined  with  fire  lute,  the  inside  diameter  six  inches,  a 
shows  the  grate ;  b  the  ash  pit  door  ;  d  the  door  of  the  fire- 
place when  used  as  a  sand  heat;  e  c  two  holes  opposite  to 
each  other  for  transmitting  a  tube ;  g  an  opening  for 
a  retort  neck,  when  used  for  distilling  with  the  naked  fire. 

Fig.  59.  A  different  view  of  the  same  furnace;  a  the 
grate;  c  the  register  to  the  ash  pit;  /  a  small  door,  with  a 
contrivance  for  supporting  a  muffle.  The  other  letters  corre- 
spond with  the  explanation  of  the  preceding  figure. 

For  this  furnace  the  proper  fuel,  when  it  is  used  as  a  wind 
furnace,  is  wood-charcoal,  either  alone,  or  with  the  admix- 
ture of  a  small  proportion  of  coak.  For  distillation  with 
^  sand  heat,  charcoal,  with  a  little  pit  coal,  piay  be  employed. 

2  L  2 
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PLATE  VII. 

Fig.  60  represents  a  fixed  furnace,  which  I  find  very  usr- 
ful,  because  it  may  either  be  employed  as  a  wind  furnace 
or  for  distillation  with  a  sand  heat.    Its  total  height  outside 
is  thirty-three  inches,  and  the  outside  square  is  eighteen 
inches,  or  two  bricks  laid  lengthwise.    The  thickness  of  the 
sides  of  the  furnace  is  the  breadth  of  a  brick,  or  four  r.nd  a 
half  inches;  but  whenever  there  is  room,  it  is  better  to  make 
them  nine  inches  in  thickness.    From  the  top  of  the  furnace 
to  the  grate,  which  is  moveable,  and  supported  by  two 
bearers,  the  height  is  thirteen  inches ;  and  at  c  is  a  double 
Kumford  door ;  oi-  in  preference,  a  hole  closed  by  a  moveable 
earlhern  stopper,  for  introducing  fuel.    The  ash  i)it  should 
have  a  register  door.    The  chimney  is  four  inches  wide  by 
three  high,  and  may  either  be  furnished  with  a  damper  or 
not.    On  the  top  of  the  furnace  a  cast-iron  ring  is  fixed,  ten 
inches  inside  diameter,  three  inches  broad,  and  half  an  inch 
thick.    It  is  secured  in  its  place  by  three  iron  pins,  passing 
through  three  equidistant  holes  in  the  ring,  and  bent  at  the 
distance  of  nine  inches  at  a  right  angle.    These  serve  the 
purpose  of  binding  the  ring  firmly  into  the  brick-work. 
The  sand  pots  are  of  different  sizes ;  and  a  variety  of  them 
may  be  made  to  tit  the  same  ring,  by  varying  the  breadth 
of  their  rims,  as  shown  fig.  71.    The  bricks  should  be  ce- 
mented together,  at  least  for  the  inner  half  of  their  breadth, 
by  loam,  or  by  a  mixture  of  Stourbridge  clay,  with  two  or 
three  parts  sand,  and  a  proper  quantity  of  water. 

When  this  is  used  as  a  wind  furnace,  the  opentnst  in  the 
side  is  to  be  closed  by  its  stopper;  or,  if  a  Runiford  door  be 
employed,  it  must  be  defended  from  the  fuel  by  a  fire  tile. 
The  fuel  (coak)  is  introduced  at  the  top,  which  is  occasionally 
covered  by  a  fire  tile.    When  distillation  with  a  sand  heav 
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IS  performed,  the  sand  pot  rests  on  the  iron  ring,  and  ths 
fuel,  which  may  be  common  pit  coal,  is  added  through  the 
opening  in  the  side.  It  may  be  proper  to  state,  that,  in 
order  to  receive  a  sand  pot  of  as  large  a  size  as  possible,  the 
upper  course  of  brick  should  be  bevilled  within  the  furnace; 
and  the  width  at  the  top  may  exceed  a  little  that  at  the 
grate. 

The  best  Stourbridge  or  Newcastle-on-Tyne  fire-bricks  are 
necessary  in  constructing  this  and  the  following  furnaces. 

Fig.  61  is  a  longitudinal  section  of  a  wind  furnace,  invented 
by  Mr.  Knight,  with  an  additional  chamber  for  applying  the 
waste  heat  to  useful  purposes,  a  the  internal  cavity,  which 
is  square,  for  containing  the  fuel  and  the  crucible,  b  the  flue 
passing  into  a  hot  chamber  c ;  an  appendage  particularly 
useful  for  drying  luted  crucibles,  or  bringing  them  to  a  pro- 
per temperature  for  the  furnace;  for  roasting  ores  and  vari- 
ous other  purposes,  d  tlie  flue  connecting  it  with  the  verti- 
cal chimney  e ;  which,  to  produce  a  strong  heat,  should  never 
be  less  than  thirty  or  forty  feet  high.  / / covers,  consisting  of 
twelve-inch  Welsh  tiles,  with  handles,  g  the  stoke  hole, 
through  which  no  more  of  the  fire  is  seen  than  appears  be- 
tween the  grate  and  the  bearing  bar  h.  This  space  is  left  for  the 
double  purpose  of  raking  the  fire,  and  occasionally  taking  out 
the  bars,  k  the  ash  pit,  which  is  sunk  below  the  level  of  the 
ground,  and  is  covered,  where  it  projects  at  /,  by  an  iron 
grating. 

The  best  situation  ftjr  this  furnace,  is  an  angle  of  the  labo- 
ratory, the  chimney  being  in  the  corner,  as  represented  in 
the  sketch.  By  this  arrangement,  the  operator  is  spared  the 
disagreeable  necessity  of  scorching  his  logs,  by  standing  op- 
posite the  stoke  hole,  while  the  backs  of  his  legs  are  exposed 
to  a  current  of  cold  air  rushing  to  the  furnace. 

Figs.  62  and  63  are  difierent  views  "of  a  furnace  invented 
by  Mr.  Knight,  and  convertible  to  various  purposes. 

The  inside  of  this  furnace  is  4iine  inches  square,  and  six- 
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teen  inches  deep  from  the  top  t.o  the  grate.  The  face  of  the 
opening  at  ^  rises  at  an  angle,  which  makes  the  back  pan  five 
inches  higher  than  the  front.  This  conirivance  enables  us 
coni|j!etely  to  cover  a  iarge  retort  with  fuel,  without  obstruct- 
ing the  passage  of  lue  air,  and  also  relieves  partly  the  weight 
of  the  cover,  when  it  requires  to  be  moved.  The  walls  of  the 
furnace  are  at  least  a  brick  and  a  half  in  thickness,  and  aa 
much  more  as  local  convenience  will  a!  ow.  By  sinking  the 
ash  pit  belou'  the  level  of  the  ground,  ai  i,  the  height  of  the 
furnace  needs  not  exceed  eighteen  inches,  which  renders  the 
munagerhent  of  the  fuel  much  more  easy,  and  subjects  the 
face  and  hands  less  to  the  acUon  of  the  heat.  The  ash  pit 
a,  must  be  at  least  eighteen  inches  deep,  below  the  surface  of 
the  ground,  and  more  if  convenient.  It  must  have  an  open- 
ing, projecting  from  it  three  or  four  feel,  to  fee  covered  with 
boards,  and  with  an  iron  grating  next  the  furnace.  This  pre- 
serves the  legs  of  the  operator  from  the  action  of  the  fire. 

The  grate  b  is  formed  of  separate  bars,  each  of  a  triangular 
shape,  three  fourths  of  an  inch  apart,  and  resting  on  two 
bearers.  In  the  front  of  the  furnace,  an  iron  bar  is  to  be 
placed  to  support  the  brick-work,  and  to  leave  an  opening, 
through  which  the  bars  may  occasionally  be  drawn  out,  and 
the  fire  be  raked  and  cleared  of  the  slag.  The  chimney  e  is 
two  and  a  half  inches  from  the  top,  and  four  and  a  half  wide, 
by  two  and  a  half  high.  , 

To  fit  this  furnace  for  occasional  distillation  with  the  naked 
fire,  an  opening,  d,  fig.  62,  is  left  on  one  side,  which  is  filled 
up,  when  not  wanted,  by  five  pieces  of  soft  fire-brick,  cut  to 
a  proper  shape,  and  secured  by  a  clay  lute.  It  is  proper, 
also,  to  be  provided  with  other  pieces,  having  arched  openings 
for  transmitting  the  neck  of  a  retort.  One  of  these  pieces 
may  have  a  round  hole  for  occasionally  transmitting  a  tube, 
and  a  corresponding  hole,  A,  fig  63,  must  then  be  made  in 
the  opposite  side  of  the  furnace,  to  be  closed,  when  not 
wanted,  with  a  stopper. 
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Fics.  04  and  65  represent  a  sand  h»  at,  for  containing  flat 
evaporating  veSsel^i ;  the  depth  from  back  to  front  two  feet; 
the  width,  agreeably  to  the  scale,  six  feet.  At  the  front  is  a 
rim  <oiir  inches  deep,  consisting  of  a  piece  of  iron  plate,  which 
is  fastened  at  each  end  into  the  wall.  The  fljor  or  bottom, 
ee,  is  formed  rf  cast-iron  plates,  which  rest  upon  each  other 
in  corresponding  rabbets.  The  advantage  of  several  small 
plates,  over  one  large  one,  is  the  cheapness  and  facility,  with 
which  they  are  replaced,  if^' cracked  by  the  heat,  an  accident 
of  not  infreq-acnt  occurrence.  The  joints  are  secured  by  a  fire 
lute,  v\  Inch  effectually  prevents  the  sand  from  falling  through. 
The  fire  place  is  shown  by  b;  at  the  bottom  it  has  a  j;rate  ten 
inches  long,  by  eight  wide.  The  fl  ame  and  smoke  circulate 
first  through  the  flue  c,  and  then  through  the  returning  flue 
d,  which  conveys  the  smoke  to  the  chimney  g.  In  construct- 
ing the  fine  beneath  the  grate,  a  row  of  bricks,  set  edgeways, 
answers  the  purpose,  and  serves  also  to  support  the  inner  edge 
of  the  plates. 

It  is  advisable  to  cover  the  sand  heat  with  a  sloping  roof, 
which  may  be  formed  of  lath  and  plaster,  and  supported  by 
side  walls.  The  lowest  part  of  the  roof  may  be  foremost, 
and  about  three  feet  above  the  edge  of  the  iron  plates.  It  is, 
also,  necessary  to  have  an  air  flue,  nearly  at  the  top  of  the 
back  wall,  under  the  dome  or  roof,  to  be  closed  occasionally 
by  a  door.  This  must  open  into  the  chimney,  in  which  case 
it  serves  the  purpose  of  carrying  off  noxious  vapours. 

PLATE  Vin. 

Figs.  66,  67,  6S,  are  the  section  and  plans  of  a  rever- 
beratory  furnace  for  experimental  purposes.  In  this  furnace, 
the  fuel  is  contained  in  an  anterior  fire-place;  and  the  sub- 
stance, to  be  submitted  to  the  action  of  heat,  is  placed  on  the 
floor  of  another  chamber,  situated  between  the  front  one  and 
ihc  chimney.    Tiie  flame  of  the  fuel  passes  into  the  second 
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compartment ;  by  the  form  of  which  it  is  concentrated  upon 
the  substance  exposed  to  heat,  which  is  not  confined  in  a 
separate  vessel  or  crucible,  but  placed  on  the  floor  of  the 
furnace.  When  reduced  to  a  state  of  fusion,  the  melted  mass 
is  allowed  to  flow  out  through  a  tap-hole  at  h.  The  dimen- 
sions of  this  furnace  it  is  scarcely  possible  to  state,  as  they 
vary  so  considerably  in  difterent  parts  of  it;  but  they  may 
be  ascertained  by  referrinsjto  the  figures,  and  by  the  applica- 
tion of  tiie  scale.  In  all  three  figures,  a  represents  the  ash 
pit;  6  the  gr^te  composed  of  moveable  bars;  c  the  door  at 
which  the  fuel  is  introduced;  d  a  door  in  the  side  of  the 
chamber,  for  the  purpose  of  inspecting  the  process;  e  the 
floor  of  the  furnace  which  descends,  and  is  gradually  con- 
tracted towards  the  back  part ;  /  another  door  for  introducing 
and  stirring  the  materials;  ^  the  back  part  of  the  furnace, 
immediately  under  the  chimney;  h  the  tap-hole;  i  the 
chimney. 

Figs.  6i}  and  70,  exliibit  a  cupelling  or  enamelling  furnace. 
The  form  of  this  should  be  an  oblong  square  ;  its  dimensions 
being  regulated  by  that  of  the  muffle,  which  should  go  home 
to  the  back,  its  front  edge  lodging  on  the  mouth  of  the  furnace. 
On  each  side  of  the  rauflle,  two  inches  and  a  half  must  be 
left,  to  let  the  fuel  pass  readily  underneath,  where  there 
should  also  be  a  similar  space.  A  stoke  hole  must  be  left  on 
the  other  side,  but  the  situation  of  the  view  will  not  admit  its 
being  shown.  Before  the  muffle,  is  a  projecting  ledge  or  shelf, 
shown  at  e,  which  is  intended  to  support  any  thing  that  is  to 
be  put  into  the  muffle.  Two  twelve-inch  tiles,  worked  in  along 
with  the  bricks,  will  answer  this  purpose.  In  both  figures,  a 
shows  the  ash  pit;  c  the  grate;  the  muffle;  e  the  opening 
for  introducing  the  muffle;  /the  chimney,  and  g  the  cover. 

Fig.  71.  Sand  pots  with  rims  of  different  sizes. 

Figs.  72,  73.  Dr  Black's  portable  furnace,  made  of  sheet 
iron  lined  with  fire  clay.  Its  dimensions,  as  they  varj-  in 
nlmost  every  part,  will  best  be  learned  from  the  scale;  u  the 
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fire  place  ;  I  the  chimney  ;  e  the  ash  pit;  d  the  door  of  the 
ashpit;  e  a  register  for  regulating  the  quantity  of  air  ad- 
mitted to  pass  through  the  fuel. 

Fig.  74-.  Mr.  Chenevix's  wind  furnace.  This  is  rudely 
sketched  in  Nicholson's  Journal,  from  which  the  more  accurate 
figure  ill  plate  viii.  is  taken.  This  furnacfe  Mr.  Chenevix 
describes  as  follows:  "I  have  constructed  a  wind  furnace, 
which,  in  some  respects,  is  preferable  to  the  usual  form.  The 
sides,  instead  of  being  perpendicular,  are  inverted ;  so  lhat 
the  hollow  space  is  pyramidal.  At  the  bottom  the  space  is 
twelve  inches  square,  and  at  the  top  only  eight.  The  per- 
pendicular height  is  seventeen  inches,  from  the  top  to  the 
grate.  This  form  unites  the  following  advantages.  1.  A  large 
surface  is  exposed  to  the  air,  which,  having  an  easy  entrance, 
rushes  through  the  fuel  with  great  rapidity.  2.  The  inclined 
sides  act  as  reverberators.  3.  The  fuel  falls  of  itself,  and  is 
always  close  to  the  grate." 

In  the  figure,  a  represents  the  grate ;  c  c  are  two  bricks 
which  can  be  let  in  at  pleasure,  to  diminish  the  capacity  :  b 
is  another  grate  which  can  be  placed  on  the  bricks  c  c,  for 
occasional  purposes  :  d  d  are  bricks,  which  can  be  placed  on 
the  grate  b,  to  diminish  the  capacity  of  this  part  of  the  fur- 
nace; e  the  cover.  Both  sets  of  bricks  should  be  ground  to 
the  slope  of  the  furnace. 

In  the  construction  of  every  furnace,  which  is  intended  to 
produce  a  strong  heat,  lime  or  mortar  should  be  avoided,  and 
the  bricks  should  be  set  in  loam,  or  Stourbridge  clay,  worked 
up  with  water  and  sand,  inserting  occasionally  pieces  of  sheet 
iron,  bent  twice  in  opposite  directions  at  right  angles.  The 
furnace  should  be  allowed  to  remain  some  weeks,  after  setting 
up,  before  it  is  used ;  and  before  raising  a  strong  heat,  a  gentle 
fire  should  be  sometimes  kindled  in  it,  the  strength  of  which 
may  be  gradually  increased.  When  a  strong  blast  is  expected, 
it  is  necessary  to  bind  the  brick-work  together,  externally,  by 
iitrong  iron  bars  and  plates,  kept  in  their  places  by  screws. 
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The  cliiinney  should  be  nine  inches  wide,  and  raised  to  as 
srreat  a  height  as  circumstances  will  admit 

The  coak  of  pit  coal  is  the  only  fuel  fitted  for  exciting  an 
intense  heat,  and  should  be  used  in  all  cases,  except  in  th^ 
reverberatory,  and  in  distillations  with  the  sand  bath,  when 
pit  coal  may  be  employed.  The  charcoal  of  wood  is  adapted 
principally  to  portable  furnaces. 

PLATE  IX. 

Fig.  75.  The  galvanic  battery  called  couronne  de  tasses,  de- 
scribed vol.  i.  p.  227. 

Fig.  76.  Apparatus  for  obtaining  the  elements  of  water  in 
separate  tubes  ;  see  vol.  i.  p.  236. 

Fig.  77.  Tlie  pile  of  VoUa;  see  vol,  i.  p.  226. 

Fig.  78.  Section  of  a  galvanic  trough,  to  explain  the 
jlheory  of  the  excitation  of  galvanic  electricity ;  see  vol.  i. 
p.  249. 

Fig.  79.  Apparatus  for  obtaining  oxj'geu  and  hydrogen 
gases,  from  separate  quantities  of  water  not  in  contact  with 
each  other  ;  see  vol.  i.  p.  236. 

Fig.  80.  Two  agate  cups  connected  by  moistened  amian- 
thus ;  see  vol.  i.  p.  238. 

Fig.  si.  Two  gold  cones  similarly  connected,  ibid. 

Fig.  82.  Agate  cups  similarly  connected  with  an  interme- 
diate vessel  i;  see  vol.  i.  p.  240. 

Fig.  83.  Apparatus  for  procyring  potassium  from  potash 
and  iron  filings,  described  vol.  i.  p.  262. 

Fig.  a4.  Apparatus  for  firing  gases  by  electricity,  or 
submitting  them  to  electrical  discharges,  vol.  i.  j).  163. 

Fig.  85.  Pepys'  improved  gas-holder,  a  a  small  iron  retort 
placed  in  the  fire  with  a  jointed  conducting  tube  b,  which  is 
admitted  into  the  vessel  at  c.  This  is  shown  on  a  larger  scale 
in  a  different  part  of  the  plate.  The  letter  d  is  place<i  on  the 
body  of  the  reservoir,  and  near  the  central  pipe,  which  de- 
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scends  from  the  cistern  e  to  nearly  the  bottom  of  the  vessel. 
At  /  a  glass  tube  is  fixed,  which  shows  the  height  of  lh« 
water  within  the  vessel.  When  a  jar  is  intended  to  be  filled 
with  gas  from  the  reservoir,  it  is  placed,  filled  with  water 
and  inverted,  in  the  cistern  e.  The  cocks  1  and  2  being 
opened,  the  water  descends  through  the  pipe  attached  to  the 
latter,  and  the  gas  rises  through  the  cock  1.  By  raising  the 
cistern  e  to  a  greater  elevation,  any  degree  of  pressure  may 
be  obtained ;  and  a  blow-pipe  may  be  screwed  on  the  cock  at 
the  left  side  of  the  vessel. 


END  OF  VOL.  I. 
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